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The Official Methods of Analysis®™ (OMA) program is AOAC INTERNATIONAL's premier methods
program. The program evaluates chemistry, microbiology, and molecular biology methods. It also
evaluates traditional benchtop methods, instrumental methods, and proprietary, commercial, and/or
alternative methods. In 2011, AOAC augmented the Official Methods™ program by including an
approach to First Action Official Methods® status that relies on gathering the experts to develop
voluntary consensus standards, followed by collective expert judgment of methods using the adopted
standards.

The OMA program has undergone a series of transitions in support of AOAC's collaborations, evolving
technology, and evolving technical requirements. Methods approved in this program have undergone
rigorous scientific and systematic scrutiny such that analytical results by methods in the Official Methods
of Analysis of AOAC INTERNATIONAL are deemed to be highly credible and defensible.

On September 7, 2012, AOAC INTERNATIONAL further clarified the AOAC Official Methods®™ program by
transitioning the conformity assessment component of the Official Methods®™ program into the AOAC
Research Institute. The AOAC Research Institute now administers the AOAC Official Methods™ program
for all proprietary, single and sole source methods. Methods submitted through the PTM-OMA
harmonized process also will be reviewed through the AOAC Research Institute. All methods in the
AOAC Official Methods™ program are now reviewed by Expert Review Panels for First Action AOAC
Official Methods of Analysis™ status.

EXPERT REVIEW PANEL (ERP)

The AOAC Expert Review Panels (ERPs) are a key part of AOAC INTERNATIONAL's Method Approval
Process. AOAC ERPs are authorized to adopt candidate methods as First Action Official Methods and to
recommend adoption of these methods to Final Action Official Methods status. Scientists are recruited
to serve on ERPs in a variety of ways. Normally, a call for experts is published at the same time as a call
for methods is posted. Interested scientists are invited to submit their curriculum vitae (CV) for
consideration. Advisory panel, stakeholder panel, and working group members may make
recommendations to AOAC for ERP members. All CVs are reviewed and evaluated for expertise by the
AOAC Chief Scientific Officer (CSO) and then to the AOAC Official Methods Board for formal review. The
composition of the ERP must be fulfilled with qualified subject matter experts representing various
perspectives. Please refer to our Call for Experts on the AOAC homepage for further information.

AOAC INTERNATIONAL
2275 Research Blvd, Suite 300
Rockville, Maryland 20850
Phone: (301) 924-7077







moo®>

n

AOAC

@ RESEARCH
IV JINSTITUTE

AOAC Official Methods of Analysis™ (OMA)

Expert Review Panels
Methods for AOAC Final Action Official Method Consideration

TABLE OF CONTENTS

ABOUT AOAC OFFICIAL METHODS OF ANALYSIS®™ .......covieeeieerreeesetessseessssssesesssssssssssssssssssssensnsnns 3
AGENDAS FOR POLYCYLIC AROMATIC HYDROCARBONS, PESTICIDE RESIDUES............c..cceeumnurunninnene 7,9
AOAC INTERNATIONAL VOLUNTEER CONFLICT OF INTEREST, STATEMENT OF POLICY .......cccccccceieneens 11
AOAC INTERNATIONAL ANTITRUST POLICY STATEMENT AND GUIDELINES ........ccccceeiremnniinennniirnennnes 13
AOAC INTERNATIONAL POLICY ON THE USE OF THE ASSOCIATION NAME, INITIALS, IDENTIFYING

INSIGNIA, LETTERHEAD, AND BUSINESS CARDS .....cccuiiitimuiiiiinniiiiiiiiiiniininiiniimisesse. 17
MEETING AND METHOD REVIEW INFORMATION......ccccetttmuuiiimmmniirirnniierinnninninniitinminimsssesesssssnens 21

DISCUSS FINAL ACTION REQUIREMENTS FOR FIRST ACTION OFFICIAL METHODS [PRESENTATION] ...23

AOAC OFFICIAL METHOD 2014.08,POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) IN
SEAFOOD GAS CHROMATOGRAPHY-MASS SPECTROMETRY
1. OMA METHOD 2014.08, FIRST ACTION 2014 ......cccerirercrrennnncreenenserennsssenenes 31
2. METHOD FEEDBACK.......cccceiiiiimeiiiieneiiirenesasteeneesisnnsessenssssssensssssssnssssssennss 43
3. ARTICLE: Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in
Seafood Using Gas Chromatography-Mass Spectrometry:
Collaborative StUAY ......cceeeiiieiiieeiiitniitirerecereneerneeerennerensesensersasessnsesensessnne 77
4. EXPERT REVIEW PANEL REPORT (SEPTEMBER, 2014) ....cccucevreeueerrennnecerennnes 107

AOAC OFFICIAL METHOD 2014.09, DETERMINATION AND CONFIRMATION OF RESIDUES OF
653 MULTICLASS PESTICIDES AND CHEMICAL POLLUTANTS IN TEA GC/MS, GC/MS/MS,
AND LC/MS/MS, FIRST ACTION 2014
1. OMA METHOD 2014.09, FIRST ACTION 2014 .......ccccvvrereeereeeeeeeeeeeeeeeeeenennnes 119
2. METHOD FEEDBACK.....cciceituiiteiiniiniiniinniisiiacraicrnsisssissisisrssssssssessasssasssns 125
3. ARTICLE: Gas Chromatography-Mass Spectrometry High-Throughput
Analytical Techniques For Determination Of Residues Of 653 Multiclass
Pesticides And Chemical Pollutants In Tea, Part VI: Study Of The Degradation
Of 271 Pesticide Residues In Aged Oolong Tea By Gas Chromatography-
Tandem Mass Spectrometry And Its Application In Predicting The Residue

Concentrations Of Target Pesticides......cccccciiieeiiiiiiniiiiiinciiiiienciinineninnnene, 171
4. EXPERT REVIEW PANEL REPORT (SEPTEMBER, 2014) ....cccccetveeneeereennecenennnn. 181
5. METHOD PRESENTATION (ANNEX 1) ....cceeeuuierreeneereennieerennnecerensneeeennseeesennes 185

6. METHOD AUTHOR RESPONSE TO FEEDBACK (ANNEX 2).......cccoovuuereerernnenns 199






AOAC

RESEARCH
INSTITUTE

EXPERT REVIEW PANEL (ERP) FOR POLYCYCLIC AROMATIC HYDROCARBONS

AOAC
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Gaithersburg Marriott Washingtonian Center
9751 Washingtonian Boulevard, Gaithersburg, MD 20878 USA

Thursday, March 16, 2017
8:30am — 10:00am

MEETING AGENDA

Expert Review Panel Co-Chairs: Tom Phillips and Jo Marie Cook

Welcome and Introductions
Expert Review Panel Co-Chairs

Review of AOAC Volunteer Policies & Expert Review Panel Process Overview and Guidelines

Deborah McKenzie, Senior Director, Standards Development and Method Approval Processes, AOAC
INTERNATIONAL and AOAC Research Institute

Discuss Final Action Requirements for First Action Official Methods (if applicable)

ERP will discuss, review and track First Action methods for 2 years after adoption, review any additional
information (i.e., additional collaborative study data, proficiency testing, and other feedback) and make

recommendations to the Official Methods Board regarding Final Action status.

1) AOAC OFFICIAL METHOD 2014.08: POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) IN SEAFOOD
GAS CHROMATOGRAPHY-MASS SPECTROMETRY

Next Steps and Upcoming Meetings

Adjournment

**Agenda is subject to change. V1


http://www.marriott.com/meeting-event-hotels/group-corporate-travel/groupCorp.mi?resLinkData=AOAC%20INTERNATIONAL%205th%20Annual%20Mid-Year%20Meeting%5eWASWG%60ACAACAA%60159.00%60USD%60false%604%603/13/16%603/19/16%602/22/16&app=resvlink&stop_mobi=yes
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EXPERT REVIEW PANEL (ERP) FOR PESTICIDE RESIDUES
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Gaithersburg Marriott Washingtonian Center
9751 Washingtonian Boulevard, Gaithersburg, MD 20878 USA

Thursday, March 16, 2017
10:30am — 12:00pm

MEETING AGENDA

Expert Review Panel Chair: Joe Boison

Welcome and Introductions
Expert Review Panel Chair

Review of AOAC Volunteer Policies & Expert Review Panel Process Overview and Guidelines
Deborah McKenzie, Senior Director, Standards Development and Method Approval Processes, AOAC
INTERNATIONAL and AOAC Research Institute

Discuss Final Action Requirements for First Action Official Methods (if applicable)

ERP will discuss, review and track First Action methods for 2 years after adoption, review any additional
information (i.e., additional collaborative study data, proficiency testing, and other feedback) and make
recommendations to the Official Methods Board regarding Final Action status.

1) AOAC OFFICIAL METHOD 2014.09, DETERMINATION AND CONFIRMATION OF RESIDUES OF 653
MULTICLASS PESTICIDES AND CHEMICAL POLLUTANTS IN TEA GC/MS, GC/MS/MS, AND LC/MS/MS,
FIRST ACTION 2014

Next Steps and Upcoming Meetings

Adjournment

**Agenda is subject to change. V1
Page 1 of 1


http://www.marriott.com/meeting-event-hotels/group-corporate-travel/groupCorp.mi?resLinkData=AOAC%20INTERNATIONAL%205th%20Annual%20Mid-Year%20Meeting%5eWASWG%60ACAACAA%60159.00%60USD%60false%604%603/13/16%603/19/16%602/22/16&app=resvlink&stop_mobi=yes
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The Scientific Association Dedicated to Analytical Excellence®

AOAC INTERNATIONAL

POLICY AND PROCEDURES ON

VOLUNTEER CONFLICT OF INTEREST

Statement of Policy

While it is not the intention of AOAC INTERNATIONAL (AOAC) to restrict the personal, professional,
or proprietary activities of AOAC members nor to preclude or restrict participation in Association affairs
solely by reason of such activities, it is the sense of AOAC that conflicts of interest or even the
appearance of conflicts of interest on the part of AOAC volunteers should be avoided. Where this is not
possible or practical under the circumstances, there shall be written disclosure by the volunteers of actual
or potential conflicts of interest in order to ensure the credibility and integrity of AOAC. Such written
disclosure shall be made to any individual or group within the Association which is reviewing a
recommendation which the volunteer had a part in formulating and in which the volunteer has a material
interest causing an actual or potential conflict of interest.

AOAC requires disclosure of actual or potential conflicts of interest as a condition of active participation
in the business of the Association. The burden of disclosure of conflicts of interest or the appearance of
conflicts of interest falls upon the volunteer.

A disclosed conflict of interest will not in itself bar an AOAC member from participation in Association
activities, but a three-fourths majority of the AOAC group reviewing the issue presenting the conflict
must concur by secret ballot that the volunteer's continued participation is necessary and will not
unreasonably jeopardize the integrity of the decision-making process.

Employees of AOAC are governed by the provision of the AOAC policy on conflict of interest by staff.
If that policy is in disagreement with or mute on matters covered by this policy, the provisions of this

policy shall prevail and apply to staff as well.

Tllustrations of Conflicts of Interest

1. A volunteer who is serving as a committee member or referee engaged in the evaluation of a method
or device; who is also an employee of or receiving a fee from the firm which is manufacturing or
distributing the method or device or is an employee of or receiving a fee from a competing firm.

2. A volunteer who is requested to evaluate a proposed method or a related collaborative study in
which data are presented that appear detrimental (or favorable) to a product distributed or a position
supported by the volunteer's employer.

3. Areferee who is conducting a study and evaluating the results of an instrument, a kit, or a piece of
equipment which will be provided gratis by the manufacturer or distributor to one or more of the
participating laboratories, including his or her own laboratory, at the conclusion of the study.



4.  Sponsorship of a collaborative study by an interest (which may include the referee) which stands to
profit from the results; such sponsorship usually involving the privilege granted by the investigator
to permit the sponsor to review and comment upon the results prior to AOAC evaluation.

5. A volunteer asked to review a manuscript submitted for publication when the manuscript contains
information which is critical of a proprietary or other interest of the reviewer.

The foregoing are intended as illustrative and should not be interpreted to be all-inclusive examples
of conflicts of interest AOAC volunteers may find themselves involved in.

Do's and Don’ts

Do avoid the appearance as well as the fact of a conflict of interest.

Do make written disclosure of any material interest which may constitute a conflict of interest or the
appearance of a conflict of interest.

Do not accept payment or gifts for services rendered as a volunteer of the Association without disclosing
such payment or gifts.

Do not vote on any issue before an AOAC decision-making body where you have the appearance of or an
actual conflict of interest regarding the recommendation or decision before that body.

Do not participate in an AOAC decision-making body without written disclosure of actual or potential
conflicts of interest in the issues before that body.

Do not accept a position of responsibility as an AOAC volunteer, without disclosure, where the discharge
of the accepted responsibility will be or may appear to be influenced by proprietary or other conflicting
interests.

Procedures

Each volunteer elected or appointed to an AOAC position of responsibility shall be sent, at the time of
election or appointment, a copy of this policy and shall be advised of the requirement to adhere to the
provisions herein as a condition for active participation in the business of the Association. Each
volunteer, at the time of his or her election or appointment, shall indicate, in writing, on a form provided
for this purpose by AOAC, that he or she has read and accepts this policy.

Each year, at the spring meeting of the AOAC Board of Directors, the Executive Director shall submit a
report certifying the requirements of this policy have been met; including the names and positions of any
elected or appointed volunteers who have not at that time indicated in writing that they have accepted the
policy.

Anyone with knowledge of specific instances in which the provisions of this policy have not been
complied with shall report these instances to the Board of Directors, via the Office of the Executive
Director, as soon as discovered.

* ok ok ok ok 3k

Adopted: March 2, 1989
Revised: March 28, 1990
Revised: October 1996



AOAC INTERNATIONAL
ANTITRUST POLICY
STATEMENT AND GUIDELINES

Introduction

It is the policy of AOAC INTERNATIONAL (AOAC) and its members to comply strictly with all laws
applicable to AOAC activities. Because AOAC activities frequently involve cooperative undertakings and
meetings where competitors may be present, it is important to emphasize the on going commitment of our
members and the Association to full compliance with national and other antitrust laws. This statement is a
reminder of that commitment and should be used as a general guide for AOAC and related individual
activities and meetings.

Responsibility for Antitrust Compliance

The Association's structure is fashioned and its programs are carried out in conformance with antitrust
standards. However, an equal responsibility for antitrust compliance  which includes avoidance of even
an appearance of improper activity __ belongs to the individual. Even the appearance of improper activity
must be avoided because the courts have taken the position that actual proof of misconduct is not required
under the law. All that is required is whether misconduct can be inferred from the individual's activities.

Employers and AOAC depend on individual good judgment to avoid all discussions and activities which
may involve improper subject matter and improper procedures. AOAC staff members work
conscientiously to avoid subject matter or discussion which may have unintended implications, and
counsel for the Association can provide guidance with regard to these matters. It is important for the
individual to realize, however, that the competitive significance of a particular conduct or communication
probably is evident only to the individual who is directly involved in such matters.

Antitrust Guidelines

In general, the U.S. antitrust laws seek to preserve a free, competitive economy and trade in the United
States and in commerce with foreign countries. Laws in other countries have similar objectives.
Competitors (including individuals) may not restrain competition among themselves with reference to the
price, quality, or distribution of their products, and they may not act in concert to restrict the competitive
capabilities or opportunities of competitors, suppliers, or customers.

Although the Justice Department and Federal Trade Commission generally enforce the U.S. antitrust laws,
private parties can bring their own lawsuits.



Penalties for violating the U.S. and other antitrust laws are severe: corporations are subject to heavy fines
and injunctive decrees, and may have to pay substantial damage judgments to injured competitors,
suppliers, or customers. Individuals are subject to criminal prosecution, and will be punished by
fines and imprisonment.

Under current U.S. federal sentencing guidelines, individuals found guilty of bid rigging, price
fixing, or market allocation must be sent to jail for at least 4 to 10 months and must pay
substantial minimum fines.

Since the individual has an important responsibility in ensuring antitrust compliance in AOAC
activities, everyone should read and heed the following guidelines.

1. Don't make any effort to bring about or prevent the standardization of any method
or product for the purpose or intent of preventing the manufacture or sale of any
method or product not conforming to a specified standard.

2. Don't discuss with competitors your own or the competitors' prices, or anything
that might affect prices such as costs, discounts, terms of sale, distribution,
volume of production, profit margins, territories, or customers.

3. Don't make announcements or statements at AOAC functions, outside leased
exhibit space, about your own prices or those of competitors.

4. Don't disclose to others at meetings or otherwise any competitively sensitive
information.

5. Don't attempt to use the Association to restrict the economic activities of any firm
or any individual.

6. Don't stay at a meeting where any such price or anti_competitive talk occurs.

7. Do conduct all AOAC business meetings in accordance with AOAC rules. These
rules require that an AOAC staff member be present or available, the meeting be
conducted by a knowledgeable chair, the agenda be followed, and minutes be
kept.

8. Do confer with counsel before raising any topic or making any statement with
competitive ramifications.

9. Do send copies of meeting minutes and all AOAC _related correspondence to the
staff member involved in the activity.

10. Do alert the AOAC staff to any inaccuracies in proposed or existing
methods and statements issued, or to be issued, by AOAC and to any conduct not
in conformance with these guidelines.



Conclusion

Compliance with these guidelines involves not only avoidance of antitrust violations, but avoidance of any
behavior which might be so construed. Bear in mind, however, that the above antitrust laws are stated in
general terms, and that this statement is not a summary of applicable laws. It is intended only to highlight
and emphasize the principal antitrust standards which are relevant to AOAC programs. You must,
therefore, seek the guidance of either AOAC counsel or your own counsel if antitrust questions arise.

k ok ok oskox

Adopted by the AOAC Board of Directors: September 24, 1989
Revised: March 11, 1991
Revised October 1996






AOAC INTERNATIONAL
POLICY ON THE USE OF THE
ASSOCIATION NAME, INITIALS.
IDENTIFYING INSIGNIA, LETTERHEAD. AND BUSINESS CARDS

Introduction

The following policy and guidelines for the use of the name, initials, and other identifying
insignia of AOAC INTERNATIONAL have been developed in order to protect the reputation,
image. legal integrity and property of the Association.

The name of the Association, as stated in its bylaws, is "AOAC INTERNATIONAL". The
Association is also known by its initials, AOAC, and by its logo. illustrated below, which
incorporates the Association name and a representation of a microscope, book. and flask. The
AOAC logo 1s owned by the Association and is registered with the U.S. Patent and Trademark

44

AOAC

INTERNATIONAL

The full Association insignia, illustrated below, is comprised of the logo and the tagline. "The
Scientific Association Dedicated to Analytical Excellence." shown below. The typeface used is
Largo. The AOAC tagline is owned by the Association and is registered with the U.S. Patent and
Trademark office.

AN}

AOAC

INTERNATIONAL
_—

The Scientific Association Dedicated to Analytical Excelfence



AOAC INTERNATIONAL Policy on the Use of the Association Name,
Initials, Identifying Insignia, Letterhead, and Business Cards
Page 2

Policy

Policy on the use of the Association's name and logo is established by the AOAC Board of
Directors as follows:

“The Board approves and encourages reference to the Association by name, either as
AOAC INTERNATIONAL or as AOAC; or reference to our registered trademark,
AOAC®, in appropriate settings to describe our programs, products, etc., in scientific
literature and other instances so long as the reference is fair, accurate, complete and
truthful and does not indicate or imply unauthorized endorsement of any kind.

The insignia (logo) of AOAC INTERNATIONAL is a registered trade and service mark
and shall not be reproduced or used by any person or organization other than the
Association, its elected and appointed officers, sections, or committees, without the prior
written permission of the Association. Those authorized to use the AOAC
INTERNATIONAL insignia shall use it only for the purposes for which permission has
been specifically granted.

The name and insignia of the Association shall not be used by any person or organization
in any way which indicates, tends to indicate, or implies AOAC official endorsement of
any product, service, program, company, organization, event or person, endorsement of
which, has not been authorized by the Association, or which suggests that membership in
the Association is available to any organization.”

The Executive Director, in accordance with the above stated policy, is authorized to process,
approve, fix rules, and make available materials containing the Association name and insignia.

It should be noted that neither the Association's name nor its insignia nor part of its insignia may
be incorporated into any personal, company, organization, or any other stationery other than that
of the Association; nor may any statement be included in the printed portion of such stationery
which states or implies that an individual, company, or other organization is a Member of the
Association.

Instructions
1. Reproduction or use of the Association name or insignia requires prior approval by the
Executive Director or his designate.
2. Association insignia should not be altered in any manner without approval of the

Executive Director or his designate, except to be enlarged or reduced in their entirety.

3. Artwork for reproducing the Association name or insignia, including those incorporating
approved alterations, will be provided on request to those authorized to use them (make
such requests to the AOAC Marketing Department). Examples of the types of alterations
that would be approved are inclusion of a section name in or the addition of an officer's
name and address to the letterhead insignia.



AOAC INTERNATIONAL Policy on the Use of the Association Name,
Initials, Identifying Insignia, Letterhead, and Business Cards
Page 3

4, When the Association name is used without other text as a heading, it should, when
possible, be set in the Largo typeface.

5. Although other colors may be used, AOAC blue, PMS 287, is the preferred color when
printing the AOAC insignia, especially in formal and official documents. It is, of course,
often necessary and acceptable to reproduce the insignia in black.

6. Do not print one part of the logo or insignia in one color and other parts in another color.

7. The letterhead of AOAC INTERNATIONAL shall not be used by any person or
organization other than the Association, its elected and appointed officers, staff, sections,
or committees; except by special permission.

Correspondence of AOAC official business should be conducted using AOAC letterhead.
However, those authorized to use AOAC letterhead shall use it for official AOAC business
only.

Copies of all correspondence using AOAC letterhead or conducting AOAC official
business, whether on AOAC letterhead or not, must be sent to the appropriate office at
AOAC headquarters.

8. AOAC INTERNATIONAL business cards shall not be used by any person or organization
other than the Association, its staff, and elected officials, except by special permission.

Those authorized to use AOAC business cards shall use them for official AOAC business
only and shall not represent themselves as having authority to bind the Association beyond
that authorized.

Sanctions

1. Upon learning of any violation of the above policy, the Executive Director or a designate
will notify the individual or organization that they are in violation of AOAC policy and
will ask them to refrain from further misuse of the AOAC name or insignia.

2. If the misuse is by an Individual Member or Sustaining Member of the Association, and
the misuse continues after notification, the Board of Directors will take appropriate action.

3. If continued misuse is by a nonmember of the Association or if a member continues
misuse in spite of notification and Board action, ultimately, the Association will take legal
action to protect its property, legal integrity, reputation, and image.

* ok ok ok sk 3k

Adopted by the AOAC Board of Directors: September 24, 1989
Revised: June 13, 1991; February 26, 1992; March 21, 1995; October 1996
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Official Methods of AnalysisSM (OMA) Expert Review Panel
MEETING AND METHOD REVIEW GUIDANCE

The AOAC Research Institute administers AOAC INTERNATIONAL's premier methods program, the AOAC Official
Methods of Analysis®™ (OMA). The program evaluates chemistry, microbiology, and molecular biology methods. It
also evaluates traditional benchtop methods, instrumental methods, and proprietary, commercial, and/or
alternative methods and relies on gathering the experts to develop voluntary consensus standards, followed by
collective expert judgment of methods using the adopted standards. The Official Methods of Analysis of AOAC
INTERNATIONAL is deemed to be highly credible and defensible.

All Expert Review Panel (ERP) members are vetted by the AOAC Official Methods Board (OMB) and serve at the
pleasure of the President of AOAC INTERNATIONAL. In accordance to the AOAC Expert Review Panel Member
and Chair Volunteer Role Description all Expert Review Panel members are expected to 1) serve with the highest
integrity, 2) perform duties and method reviews, and 3) adhere to review timelines and deadlines.

To assist the ERP Chair and its members, please note the following in preparation for Expert Review Panel
meetings and method reviews.

Pre-Meeting Requirements
1. Confirm availability and plan to be present to ensure a quorum of the ERP.
(Please refer to page 25, Quorum Guidelines, Expert Review Panel Information Packet)
2. Ensure that your laptop, CPU or mobile device can access online web documentation.
3. Be prepared for the meeting by reviewing all relevant meeting materials and method documentation.

In-Person Meeting and Teleconference Conduct
1. Arrive on time.
2. Advise the Chair and ERP members of any potential Conflicts of Interest at the beginning of the meeting.
3. Participation is required from all members of the ERP. All members have been deemed experts in the
specific subject matter areas.
The ERP Chair will moderate the meeting to ensure that decisions can be made in a timely manner.
Follow Robert’s Rules of Order for Motions.
Speak loud, clear, and concise so that all members may hear and understand your point of view.
Due to the openness of our meetings, it is imperative that all members communicate in a respectful
manner and tone.
Refrain from disruptive behavior. Always allow one member to speak at a time. Please do not interrupt.
Please note that all methods reviewed and decisions made during the Expert Review Panel process are
considered confidential and should not be discussed unless during an Expert Review Panel meeting to
ensure transparency.

Nouvas

©

Reviewing Methods
Prior to the Expert Review Panel meeting, ERP members are required to conduct method reviews. All
methods are reviewed under the following criteria, technical evaluation, general comments, editorial criteria,
and recommendation status. These methods are being reviewed against their collaborative study protocols
as provided in the supplemental documentation. Note: The method author(s) will be present during the
Expert Review Panel session to answer any questions.

Page 1 of 2
Version 1 — OMA ERP Meeting Conduct
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Official Methods of Analysis™ (OMA) Expert Review Panel
MEETING AND METHOD REVIEW GUIDANCE

Reviewing Methods (Cont’d)

e Reviewers shall conduct in-depth review of method and any supporting information.

e In-depth reviews are completed electronically via the method review form. The method review form
must be completed and submitted by the deadline date as provided.

o All reviews will be discussed during the Expert Review Panel meeting.

e Any ERP member can make the motion to adopt or not to adopt the method.

e |f the method is adopted for AOAC First Action status, Expert Review Panel members must track and
present feedback on assigned First Action Official Methods.

e Recommend additional feedback or information for Final Action consideration.

Here are some questions to consider during your review based on your scientific judgment:
1. Does the method sufficiently follow the collaborative study protocol?

Is the method scientifically sound and can be followed?

What are the strengths and weaknesses of the method?

How do the weaknesses weigh in your recommendation for the method?

Will the method serve the community that will use the method?

What additional information may be needed to further support the method?

Can this method be considered for AOAC First Action OMA status?

NouswbN

Reaching Consensus during Expert Review Panel Meeting
1. Make your Motion.
Allow another member to Second the Motion.
The Chair will state the motion and offer the ERP an option to discuss the motion.
The Chair will call a vote once deliberations are complete.
Methods must be adopted by unanimous decision of ERP on first ballot, if not unanimous, negative votes
must delineate scientific reasons. Negative voter(s) can be overridden by 2/3 of voting ERP members
after due consideration.
6. All other motions will require 2/3 majority for vote to carry.

ukwnN

Page 2 of 2
Version 1 — OMA ERP Meeting Conduct
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First Action Method Updates
.\ 1 1 11111l

Expert Review Panel Tracking and
Recommendations of First Action
Methods

INSTITUTE

AOAC Policies & Procedures
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9/2/2016



OAC OMA, Appendix G
v Further data indicative of adequate method reproducibility (between

laboratory) performance to be collected. Data may be collected via a

collaborative study or by proficiency or other testing data of similar
magnitude.

* ERP is looking to v_rif, if m_th__ reproducibility has
been appropriately assessed and satisfactorily
demonstrated

AOAC

Pz
OMA, Appendix G

Two years maximum transition time (additional year(s) if ERP determines a relevant
collaborative study or proficiency or other data collection is in progress).

2 yr tracking of method ERP Recommendations

9/2/2016
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AOAC
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OMA, Appendix G

Method removed from Official First Action and OMA if no evidence of method use
available at the end of the transition time.

e
First Action OMA Tracking

» Tracking period is < 2 years and begins on
the date of the ERP s decision to adopt a
method for OMA First Action status

No Use in 2 Years
* Repeal from OMA

AOAC
OMA, Appendix G
Method removed from Official First Action and OMA if no data indicative of
adequate method reproducibility is forthcoming as outlined above at the end
of the transition time.

First Action OMA Tracking

» Tracking period 1s < 2 years and begins on the
date of the ERP’s decision to adopt a method for
-— OMA First Action status.

No Demonstration of Method
Reproducibility in < 2 Years

* Repeal from OMA .




AOAC
."“'""‘ OMA, Appendix G
ERP to recommend Method to Official Final Action Status
to the OMB.
IEEEEEI
‘OMB Liaison
Assigned to ERP

e ERP
e i
AOAC
.NQTITUTE
OMA, Appendix G

First Action to Final Action Methods: Guidance for AOAC Expert Review Panels
ﬁ EEEEEE

OMB
Expectation
Parameters

i

9/2/2016
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OMB Expectation Parameters

Method
Applicability

Safety Reference
Concerns Materials

Safety review -
needed prior to~ Source reference
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AOAC Official Method 2014.08
Polycyclic Aromatic Hydrocarbons (PAHs)
in Seafood
Gas Chromatography-Mass Spectrometry
First Action 2014
[Applicable for the determination of the following PAHs
in mussel, oyster, and shrimp: 1,7-dimethylphenanthrene,
I-methylnaphthalene,  1-methylphenanthrene,  2,6-dimethyl-
naphthalene, 3-methylchrysene, anthracene, benz[a]anthracene,

benzo[a]pyrene,  benzo[b]fluoranthene, benzo[g,h,i]perylene,
benzo[k]fluoranthene, chrysene, dibenz[a,h]anthracene,
fluoranthene, fluorene, indeno[1,2,3-cd]pyrene, naphthalene,

phenanthrene, and pyrene. These were representative PAH analytes
selected for the collaborative study. The method has been single-
laboratory validated for 32 PAHs in fish and shrimp (1), and,
therefore, is expected to be applicable to other GC-amenable PAHs
and seafood matrices. The concentration ranges evaluated within
the collaborative study are given in Table 2014.08A.]

Caution: See Appendix B: Laboratory Safety. Use appropriate
personal protective equipment such as laboratory
coat, safety glasses or goggles, appropriate chemical-
resistant gloves, and a fume hood. Dispose of solvents
and solutions according to federal, state, and local
regulations. Always handle open containers of solvents
inside the fume hood, including the pouring, mixing,
evaporating, and preparing standard solution. Keep
containers covered or closed when not in use.

Hexane and isooctane.—Highly flammable, liquid
irritants. Harmful if inhaled, swallowed, or absorbed
through the skin. May also cause skin and eye irritation.

Ethyl acetate—Highly flammable, liquid irritants.
Harmful if swallowed in quantity. Vapors may cause
drowsiness.

Toluene.—Highly flammable, liquid irritant. Harmful if
inhaled, swallowed, or absorbed through the skin. May
also cause skin and eye irritation. May cause drowsiness.
Possible teratogen.

Dichloromethane.—Noncombustible, irritant.
Harmful if inhaled, swallowed, or absorbed through the

skin. May also cause skin and eye irritation. Asphyxiant.

liquid

Causes central nervous system (CNS) depression.
Possible carcinogen and mutagen.

PAHs.—Carcinogens, respiratory sensitizers, teratogens,
reproductive hazard, mutagens. Harmful if inhaled,
swallowed, or absorbed through the skin. May also cause
skin and eye irritation.

See Tables 2014.08B-D for results of the interlaboratory study
supporting acceptance of the method.

A. Principle

Homogenized seafood samples (10 g sample with a 5 pg/kg
addition of *C-PAH surrogate mixture) are mixed with 5 mL water
(or 10 mL water in the case of shrimp and other more viscous
samples) and shaken vigorously by hand with 10 mL ethyl acetate
in a 50 mL polypropylene centrifuge tube for 1 min. Subsequently,
4 g anhydrous magnesium sulfate and 2 g sodium chloride are
added to the mixture to induce phase separation and force the
analytes into the ethyl acetate layer. The tube is again shaken by
hand for 1 min and then centrifuged for 10 min at >1500 rcf. A
5 mL aliquot of the ethyl acetate layer is evaporated, reconstituted
in I mL hexane, and cleaned on an SPE column with 1 g silica gel
and approximately 0.2 g anhydrous sodium sulfate on the top. The
column is conditioned with 6 mL hexane—dichloromethane (3 + 1,
v/v) and 4 mL hexane, followed by application of the 1 mL extract
in hexane. The analytes are eluted with hexane—dichloromethane
(3 + 1, v/v) using volume determined for the given silica gel SPE
cartridges from the elution profiles of target analytes and fat,
which are dependent on the silica deactivation. The clean extract
is carefully evaporated, reconstituted in 0.5 mL isooctane, and
analyzed by GC/MS. See Figure 2014.08A for the method flow
chart.

B. Apparatus
(a) Homogenizer.—WARING blender Model 38BL40 (Conair
Corp., Stamford, CT) or equivalent.

(b) Solvent evaporator—Any suitable solvent evaporator,
such as a rotary vacuum evaporator, Kuderna-Danish evaporator,

Table 2014.08A. PAH and *C-PAH concentrations in the calibration standard solutions

Concentration, pg/L

Equivalent concentration, pg/kg

Calibration level BaP and others? Chr and others® Naphe 3C-PAHs BaP and others  Chr and others Naph 3C-PAHs
1 5 12.5 25 50 0.5 1.25 25 5
2 10 25 50 50 1 25 5 5
3 20 50 100 50 2 5 10 5
4 50 125 250 50 5 12.5 25 5
5 100 250 500 50 10 25 50 5
6 200 500 1000 50 20 50 100 5
7 500 1250 2500 50 50 125 250 5
8 1000 2500 5000 50 100 250 500 5

2 Analytes at 10 pg/mL in the mixed stock standard solution.
> Analytes at 25 pg/mL in the mixed stock standard solution.

¢ Analytes at 50 ug/mL in the mixed stock standard solution.
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Table 2014.08B. Statistical results for the studied PAHs at three different concentration levels in shrimp after elimination of
statistical outliers

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s, Hg/kg S, MO/kg RSD, % RSDg, % HorRat
1,7-DMP 9 18 21.7 108.6 2.6 4.1 11.8 18.9 0.66
9 18 22.7 113.7 1.8 4.2 8.0 18.7 0.66
9 18 21.7 108.3 1.9 4.4 8.8 20.4 0.72
1-MN 9 18 231 115.4 6.2 6.8 26.9 294 1.04
9 18 81.5 108.6 6.7 15.6 8.3 19.1 0.82
9 18 203.2 101.6 17.8 55.4 8.8 27.3 1.34
1-MP 9 18 10.0 99.9 1.0 1.4 9.8 14.0 0.44
9 18 25.0 99.9 1.9 3.7 7.6 14.9 0.53
9 18 119.4 95.5 6.7 15.7 5.6 13.1 0.60
2,6-DMN 8 16 15.6 103.9 1.1 2.6 6.9 16.4 0.55
8 16 37.8 94.6 4.8 7.4 12.6 19.5 0.74
7 14 146.7 83.8 16.6 20.3 11.3 13.9 0.65
6-MC 9 18 11.1 110.5 0.6 1.5 5.8 13.1 0.42
9 18 322 107.2 1.6 3.6 5.1 1.1 0.42
9 18 145.2 100.1 8.7 13.7 6.0 94 0.44
Ant 9 18 4.9 98.5 0.3 0.5 6.7 10.3 0.29
9 18 10.6 105.7 0.8 1.7 7.3 16.2 0.51
9 18 38.9 97.4 24 4.6 6.2 1.7 0.45
BaA 9 18 4.8 95.9 0.3 0.5 7.0 9.7 0.27
9 18 15.0 99.9 0.6 1.3 4.3 8.4 0.28
9 18 56.6 94.4 25 52 45 9.2 0.37
BaP 9 18 1.9 96.2 0.1 0.2 6.5 12.1 0.29
9 18 4.9 98.7 0.4 0.5 7.3 9.6 0.27
8 16 23.1 92.3 1.1 1.6 4.6 7.0 0.25
BbF 9 18 4.8 96.7 0.3 0.5 6.6 10.1 0.28
9 18 9.8 98.2 0.3 0.7 2.6 7.0 0.22
9 18 71.6 95.5 3.9 6.3 5.5 8.8 0.37
BghiP 8 16 1.9 94.7 0.1 0.2 7.0 11.7 0.28
8 16 4.9 98.5 0.2 0.5 4.3 9.9 0.28
8 16 18.0 90.1 1.0 1.4 5.7 7.9 0.27
BkF 9 18 2.0 99.5 0.1 0.3 6.2 13.7 0.34
9 18 8.1 101.7 0.4 0.7 4.9 8.7 0.26
9 18 38.3 95.8 1.8 2.8 4.7 7.2 0.28
Chr 8 16 15.2 101.5 0.5 1.4 3.1 9.4 0.31
9 18 50.7 101.4 2.2 4.1 4.4 8.1 0.32
9 18 167.4 95.6 9.0 14.5 5.3 8.7 0.41
DBahA 9 18 1.9 95.9 0.2 0.3 10.9 13.5 0.33
9 18 5.0 100.4 0.3 0.6 6.6 11.2 0.32
9 18 13.8 91.8 0.9 1.2 6.4 8.4 0.28
Fin 8 16 5.2 103.0 0.1 0.5 1.4 10.0 0.28
9 18 15.4 102.3 0.6 1.1 4.2 7.5 0.25
9 18 47.3 94.7 2.1 4.1 45 8.7 0.34
Flt 9 18 9.7 97.2 0.6 1.0 6.0 10.4 0.32
9 18 25.1 100.3 1.4 24 55 9.7 0.35
9 18 93.9 93.9 4.9 8.7 52 9.3 0.41
lcdP 9 18 2.0 98.2 0.1 0.3 53 13.3 0.32
9 18 5.1 102.2 0.5 0.6 9.1 11.0 0.31
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Table 2014.08B. (continued)

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s, Mg/kg S, Mg/kg RSD, % RSDg, % HorRat
9 18 18.4 92.1 1.1 1.9 57 10.5 0.36
Naph 8 16 27.7 110.7 2.8 2.8 10.3 10.3 0.37
9 18 84.1 105.1 5.6 8.8 6.7 10.5 0.45
8 16 158.7 99.2 9.7 34.2 6.1 21.6 1.02
Phe 8 16 15.1 100.5 0.5 1.2 3.3 7.8 0.26
9 18 49.7 99.4 1.5 3.0 3.1 6.0 0.24
9 18 168.0 96.0 8.6 16.6 5.1 9.9 0.47
Pyr 9 18 14.8 98.5 0.9 1.3 6.1 8.8 0.29
9 18 40.3 100.8 1.6 3.3 3.8 8.2 0.32
8 16 118.7 95.0 2.9 6.4 25 5.4 0.25

or a nitrogen blow-down system, may be used as long as it
provides results meeting the laboratory qualification/method
set-up requirements (absolute analyte recoveries >70% in both
evaporation steps).

(¢) Centrifuge.—Capable of centrifugation of 50 mL tubes at
>1500 rcf for 10 min.

(d) Furnace/oven.—Capable of 600°C operation.

(e) Balance(s).—Analytical, capable of accurately measuring
weights from 1 mgto 10 g.

(f) Gas chromatograph-mass spectrometer.—Any GC/MS
instrument [single quadrupole, triple quadrupole, time-of-flight
(TOF), or ion trap] with electron ionization (EI) may be used as
long as it provides results meeting the laboratory qualification
requirements (to provide reliable results for the calibration range
specified in Table 2014.08A).

(g) GC column.—Capillary column BPX-50 (30 m, 0.25 mm
id, 250 um film thickness; Trajan Scientific, Austin, TX, USA) or
equivalent (USP specification G3), such as Rxi-17Sil MS (Restek
Corp., Bellefonte, PA, USA); DB-17MS, DB-17, or HP-50 (Agilent
Technologies, Santa Clara, CA, USA); or any other column that
enables adequate separation of PAHs as specified in the laboratory
qualification requirements (see G).

C. Reagents and Materials

(a) Hexane.—>98.5%, mixture of isomers.

(b) Isooctane.—ACS or better grade.

(¢) Ethyl acetate.—>99.5%, for GC residue analysis.

(d) Dichloromethane.—>99.9%, for GC residue analysis.

(e) Toluene.—>99.9%, for GC residue analysis.

(f) Water—Purified, free of interfering compounds.

(g) Anhydrous sodium sulfate (Na,SO,).—>99.0%, powder,
heated at 600°C for 7 h and then stored in a desiccator before use
(Na,SO, prepared and stored as indicated can be used for 1 month
from preparation).

(h) Silica gel SPE column.—Containing 1 g silica gel. Any
commercially available silica gel SPE column can be used as
long as it provides adequate fat cleanup and meets requirements
for low background contamination specified in the laboratory
qualification requirements: the concentrations of all analytes in the
reagent blanks had to be below the concentrations in the lowest
calibration level standard; for naphthalene, levels below the second
lowest calibration standard (equivalent to 5 ng/g naphthalene in the

sample) are still acceptable if the source of contamination could
not be eliminated.

Silica gel SPE columns can be prepared in-house using the
following procedure: Activate the silica gel by heating at 180°C for
5 h, and then deactivate it by adding 5% deionized water, shaking
for 3 h. Store in a desiccator for 16 h before use (silica gel prepared
and stored as indicated can be used for 14 days). Place a piece of
deactivated glass wool in a Pasteur pipet (5 mL), add 1 g activated
silica gel (Silica gel 60, 0.063—0.2 mm, 70-230 mesh or equivalent)
and top it with approximately 0.2 g muffled anhydrous Na,SO,.

(i) Anhydrous magnesium sulfate (MgSO,).—>99.0%, powder,
heated (muffled) at 600°C for 7 h, and then store in a desiccator
before use (MgSO, prepared and stored as indicated can be used
for 1 month from preparation). Note: A preweighed (commercially
available) mixture of 2 g sodium chloride and 4 g anhydrous
magnesium sulfate (muffled) in pouches or tubes can be used.

(j) Sodium chloride (NaCl).—>99.0%.

(k) Helium 5.0 or better, nitrogen 4.0 or better.

(1) Polypropylene centrifuge tubes.—50 mL.

(m) Glass Pasteur pipet.—35 mL (for solvent transfers and/or in-
house preparation of silica gel minicolumns).

(n) Syringes/pipets.—Capable of accurate measurement and
transfer of appropriate volumes for standard solution preparation
and sample fortification (50—1000 pL).

(0) Volumetric flasks.—5-100 mL.

(p) Glassware for evaporation steps.—Depending on the
evaporation technique (e.g., small round-bottom flasks, suitable
tubes, or glassware for Kuderna-Danish evaporation). It is
recommended to heat the glassware for at least 2 h at 250°C to
remove potential contamination.

D. Reference Standards

(a) PAH standards.—High-purity reference standards of the
PAH analytes (1,7-dimethylphenanthrene, 1-methylnaphthalene,
I-methylphenanthrene,  2,6-dimethylnaphthalene,  3-methyl-
chrysene, anthracene, benz[a]anthracene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[g,h,i]perylene, benzo[k]fluoranthene,
chrysene,  dibenz[a,h]anthracene,  fluoranthene,  fluorene,
indeno[1,2,3-cd]pyrene, naphthalene, phenanthrene, and pyrene).

(b) U.S. Environmental Protection Agency (EPA) 16 PAH
cocktail. —("*C, 99%), Product No. ES-4087 (5 pg/mL, 1.2 mL
in nonane), Cambridge Isotope Labs (Tewksbury, MA, USA) or
equivalent.
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Table 2014.08C. Statistical results for the studied PAHs at three different concentration levels in mussel after elimination of
statistical outliers

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s, Hg’kg Sg» Ma/kg RSD, %  RSDg, % HorRat
1,7-DMP 10 20 38.1 95.3 5.7 8.8 14.9 23.2 0.89
9 18 394 98.6 4.6 8.3 1.7 211 0.81
10 20 38.9 97.3 4.6 8.9 11.9 22.8 0.87
1-MN 10 20 19.3 96.5 3.1 45 16.2 23.2 0.80
10 20 96.9 96.9 9.0 19.2 9.2 19.8 0.87
8 16 208.7 104.4 26.6 26.6 12.7 12.7 0.63
1-MP 9 18 9.8 98.1 0.7 1.8 7.2 18.0 0.56
9 18 45.8 91.6 5.3 9.6 11.6 21.0 0.82
9 18 117.2 93.7 10.2 24.4 8.7 20.8 0.94
2,6-DMN 10 20 13.8 91.9 1.5 2.9 11.2 20.7 0.68
8 16 65.4 87.2 3.1 13.6 4.8 20.7 0.86
10 20 153.8 87.9 10.7 36.8 6.9 23.9 1.13
3-MC 10 20 9.9 98.6 0.7 1.7 7.6 16.7 0.52
10 20 87.2 96.8 4.1 10.9 4.7 125 0.54
10 20 138.0 95.2 3.8 16.7 2.8 12.1 0.56
Ant 10 20 3.9 77.9 0.3 1.3 6.7 325 0.88
9 18 13.0 86.8 1.7 3.2 12.8 248 0.81
9 18 31.5 78.8 1.4 7.9 4.6 25.0 0.93
BaA 10 20 43 85.1 0.3 0.7 6.9 15.9 0.44
10 20 215 85.9 1.1 2.3 5.1 10.9 0.38
8 16 52.6 87.7 1.3 2.2 25 4.2 0.17
BaP 9 18 1.6 79.2 0.1 0.3 5.6 20.5 0.49
9 18 8.1 80.5 0.6 1.4 6.9 17.7 0.54
9 18 19.3 77.3 0.6 2.6 3.0 13.4 0.46
BbF 10 20 4.7 94.4 0.3 0.5 7.2 10.6 0.30
10 20 271 90.2 1.9 2.8 6.9 10.2 0.37
10 20 69.1 92.1 2.1 5.8 3.0 8.4 0.35
BghiP 9 18 2.0 98.1 0.1 0.2 4.9 10.6 0.26
10 20 9.3 92.7 04 1.1 44 12.1 0.37
10 20 17.9 89.6 0.6 1.5 3.2 8.6 0.29
BkF 9 18 1.9 97.4 0.1 0.2 7.2 10.3 0.25
10 20 18.5 92.7 1.1 24 6.2 12.8 0.44
10 20 36.6 91.5 1.0 3.8 2.7 10.4 0.40
Chr 10 20 14.2 94.4 0.8 1.3 5.7 9.5 0.31
10 20 91.6 91.6 4.1 8.6 45 9.4 0.41
10 20 159.8 91.3 4.9 11.8 3.1 7.4 0.35
DBahA 10 20 1.9 93.1 0.2 0.2 9.1 1.2 0.27
10 20 9.1 90.5 0.5 1.2 54 13.5 0.41
10 20 13.6 90.8 0.5 1.2 4.0 8.5 0.28
Fin 10 20 54 107.7 0.2 0.6 3.5 10.6 0.30
10 20 255 101.8 1.0 1.9 3.7 7.6 0.27
9 18 48.1 96.2 1.7 24 35 4.9 0.20
Flt 9 18 10.2 102.4 1.1 1.4 10.7 13.2 0.41
10 20 48.9 97.7 2.7 4.3 55 8.8 0.35
9 18 93.3 93.3 4.9 6.6 5.3 71 0.31
lcdP 10 20 2.0 97.7 0.1 0.2 7.3 1.3 0.28
10 20 9.4 93.7 0.5 1.1 5.6 11.9 0.37
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Table 2014.08C. (continued)

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s, Mg’kg Sg» Mg/kg RSD, %  RSDg, % HorRat
10 20 17.9 89.3 0.9 1.6 4.9 8.8 0.30
Naph 9 18 237 94.6 1.9 4.0 8.1 171 0.61
10 20 105.9 84.7 10.1 26.7 9.5 252 1.12
8 16 146.7 91.7 7.2 19.2 4.9 13.1 0.61
Phe 8 16 14.5 96.8 0.8 0.9 5.3 6.1 0.20
8 16 93.1 93.1 3.9 8.5 4.1 9.2 0.40
8 16 160.8 91.9 5.8 13.0 3.6 8.1 0.38
Pyr 10 20 14.2 94.6 0.7 1.3 5.0 9.3 0.31
10 20 715 95.4 2.9 7.0 4.0 9.8 0.41
10 20 116.5 93.2 4.5 9.6 3.8 8.3 0.37

Containing: Acenaphthene (°C,, 99%), acenaphthylene ("*C,,
99%), anthracene (°C,, 99%), benz[aJanthracene (*C,, 99%),
benzo[b]fluoranthene (“C,, 99%), benzo[K]fluoranthene ("C,
99%), benzo[g,h,i]perylene (“C,, 99%), benzo[a]pyrene (C,,
99%), chrysene (°C,, 99%), dibenz[a,h]anthracene (“C,, 99%),
fluoranthene (“C,, 99%), fluorene (*C,, 99%), indeno[1,2,3-cd]
pyrene (“C,, 99%), naphthalene ("C,, 99%), phenanthrene ("*C,,
99%), and pyrene (*C,, 99%).

E. Preparation of Standard Solutions

(a) Individual stock solutions.—Prepare individual PAH stock
solutions at approximately 1000 or 2500 pg/mL in toluene.

(b) Mixed stock standard solution.—Use analyte individual
stock solutions to obtain a mixed solution of each PAH at
10 pg/mL (for benzo[a]pyrene and other low-level PAHs) or
25 pg/mL (for chrysene and other higher-level PAHs) or 50 ng/mL
(for naphthalene) in isooctane. See Table 2014.08E for analyte
concentrations in the mixed stock standard solution.

(¢) Working PAH Solution A.—Accurately transfer 0.5 mL of the
mixed stock standard solution into a 5 mL volumetric flask and
dilute to volume with isooctane.

(d) Working PAH Solution B.—Accurately transfer 0.5 mL of the
Working PAH Solution A into a 5 mL volumetric flask and dilute to
volume with isooctane.

(e) Internal standard solution.—Prepare 1 pg/mL solution of
BC-PAHS in isooctane by 5-fold dilution of the 5 pg/mL EPA 16
BC-PAHs cocktail with isooctane.

(f) Calibration standard solutions.—Prepare eight levels of
calibration standard solutions (1 mL each) in 2 mL amber screw-
cap vials. It is recommended to distribute small portions (enough
for a single injection) of the calibration standard solutions into
multiple crimp-top vials with 100 pL deactivated glass inserts.
See Table 2014.08A for analyte concentrations in the calibration
standards and Table 2014.08F for the dilution scheme.

(1) For level 1 calibration standard.—Accurately transfer
50 pL of the Working PAH Solution B into the vial and add 50 pL
of the 1 pg/mL *C-PAHs solution and 900 pL isooctane. Cap the
vial and vortex mix briefly.

(2) For level 2 calibration standard.—Accurately transfer
100 pL of the Working PAH Solution B into the vial and add 50 pL
of the 1 pg/mL *C-PAHs solution and 850 pL isooctane. Cap the
vial and vortex mix briefly.

(3) For level 3 calibration standard.—Accurately transfer
200 pL of the Working PAH Solution B into the vial and add 50 pL
of the 1 pg/mL 3C-PAHSs solution and 750 pL isooctane. Cap the
vial and vortex mix briefly.

(4) For level 4 calibration standard.—Accurately transfer
500 pL of the Working PAH Solution B into the vial and add 50 pL
of the 1 pg/mL *C-PAHs solution and 450 pL isooctane. Cap the
vial and vortex mix briefly.

(5) For level 5 calibration standard.—Accurately transfer
100 pL of the Working PAH Solution A into the vial and add 50 pL
of the 1 pg/mL "*C-PAHs solution and 850 pL isooctane. Cap the
vial and vortex mix briefly.

(6) For level 6 calibration standard.—Accurately transfer
200 pL of the Working PAH Solution A into the vial and add 50 pL
of the 1 pg/mL *C-PAHSs solution and 750 pL isooctane. Cap the
vial and vortex mix briefly.

(7) For level 7 calibration standard.—Accurately transfer
500 pL of the Working PAH Solution A into the vial and add 50 pL
of the 1 pg/mL "*C-PAHs solution and 450 pL isooctane. Cap the
vial and vortex mix briefly.

(8) For level 8 calibration standard.—Accurately transfer
100 pL of the mixed stock standard solution into the vial and add
50 pL of the 1 pg/mL *C-PAHs solution and 850 pL isooctane. Cap
the vial and vortex mix briefly.

F. Extraction and Cleanup Procedure

(1) Add 50 puL of the 1 pg/mL '*C-PAHs solution to 10 + 0.1 g of
thoroughly homogenized seafood sample in a 50 mL polypropylene
centrifuge tube.

(2) Vortex sample for 15 s and let equilibrate for 15 min.

(3) Add 5 mL (10 mL in the case of shrimp) of purified water
and 10 mL ethyl acetate.

(4) Shake tube vigorously by hand for 1 min.

(5) Add 4 g of muffled anhydrous magnesium sulfate and 2 g
sodium chloride, and seal the tube well (ensure that powder does
not get into the screw threads or rim of the tube).

(6) Shake tube vigorously by hand for 1 min, ensuring that
crystalline agglomerates are broken up sufficiently during shaking.

(7) Centrifuge tube at >1500 rcf for 10 min.

(8) Take a 5 mL aliquot of the upper ethyl acetate layer, add
50 pL isooctane as a keeper, and gently evaporate all ethyl acetate
until only isooctane and co-extracted sample fat are left.

(9) Reconstitute in 1 mL hexane.
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Table 2014.08D. Statistical results for the studied PAHs at three different concentration levels in oyster after elimination of
statistical outliers

No. of No. of Mean Mean recovery,
PAH laboratories replicates concn, ug/kg % s, Hg/kg Sg» Ma/kg RSD, % RSD,, % HorRat
1,7-DMP 8 16 72.3 90.4 4.1 1.7 5.7 16.2 0.68
8 16 69.0 86.2 4.9 12.6 71 18.3 0.76
8 16 65.6 82.0 55 13.2 8.4 20.1 0.83
1-MN 8 16 67.9 90.5 43 14.8 6.4 21.8 0.91
9 18 90.8 90.8 20.6 28.9 22,7 31.9 1.39
9 18 236.6 94.6 26.4 55.3 11.2 234 1.18
1-MP 7 14 20.2 80.8 1.8 4.8 8.8 23.9 0.83
8 16 39.9 79.8 2.6 7.7 6.4 19.3 0.74
8 16 154.7 77.3 16.9 34.7 10.9 224 1.06
2,6-DMN 7 14 30.5 76.2 3.0 53 9.8 17.5 0.65
7 14 57.9 77.2 4.9 10.8 8.5 18.6 0.76
7 14 161.3 77 12.7 20.9 7.9 13.0 0.62
3-MC 9 18 27.8 92.5 1.7 3.6 6.0 13.0 0.47
9 18 79.8 88.6 5.1 10.3 6.4 13.0 0.55
9 18 196.8 87.5 10.1 23.5 5.1 12.0 0.59
Ant 7 14 5.3 53.2 0.5 2.9 8.8 55.0 1.56
7 14 7.5 50.3 0.8 4.9 10.0 64.7 1.94
6 12 34.0 56.6 3.0 15.1 8.8 445 1.67
BaA 9 18 10.9 72.6 0.8 2.2 7.7 19.7 0.62
9 18 17.2 68.6 1.0 3.6 5.8 211 0.71
9 18 71.6 71.6 3.9 12.5 54 17.5 0.73
BaP 9 18 25 49.7 0.3 1.1 11.9 435 1.10
9 18 4.8 48.2 0.4 2.0 9.0 422 1.18
9 18 24.6 49.3 1.6 10.0 6.4 40.5 1.45
BbF 9 18 8.6 85.9 0.6 1.0 6.6 11.6 0.35
9 18 24.6 81.8 1.7 2.7 71 11.2 0.40
9 18 82.8 82.8 34 9.8 4.1 11.9 0.51
BghiP 9 18 4.1 82.4 0.2 0.5 5.9 12.3 0.34
9 18 8.2 81.9 0.7 1.1 8.6 13.6 0.41
9 18 19.6 78.4 1.0 2.3 4.9 1.7 0.41
BkF 9 18 6.9 85.9 0.5 1.1 7.7 16.3 0.48
9 18 16.9 84.3 1.1 2.6 6.5 15.4 0.52
9 18 62.9 83.8 3.8 8.2 6.1 13.1 0.54
Chr 9 18 43.0 85.9 2.8 43 6.5 9.9 0.39
9 18 81.6 81.6 5.0 8.6 6.2 10.6 0.45
9 18 204.1 81.6 8.7 19.0 43 9.3 0.46
DBahA 9 18 4.1 82.7 0.4 0.5 9.0 13.0 0.35
8 16 8.2 82.2 0.6 1.1 7.5 13.4 0.41
9 18 16.0 80.0 0.7 2.0 4.4 12.7 0.43
Fin 9 18 12.5 83.3 1.0 1.9 8.2 15.4 0.50
9 18 20.3 81.2 1.4 3.0 6.8 14.6 0.51
9 18 57.0 76.0 2.3 11.3 4.0 19.9 0.81
Flt 9 18 22.0 88.2 21 3.6 9.5 16.2 0.57
9 18 42.0 83.9 5.1 7.5 12.2 17.9 0.69
9 18 120.7 80.5 7.0 171 5.8 14.2 0.65
lcdP 9 18 43 86.8 0.4 0.6 9.6 13.1 0.36
9 18 8.3 83.3 0.8 1.1 9.0 13.7 0.42
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Table 2014.08D.

(continued)

No. of Mean Mean recovery,
PAH laboratories  No. of replicates concn, pg/kg % s, Hg/kg Sg» MO/kg RSD, % RSDg, % HorRat
9 18 20.0 80.1 1.0 2.2 4.8 10.7 0.37
Naph 9 18 71.0 88.7 5.3 9.4 75 13.2 0.55
9 18 106.2 84.9 7.3 14.7 6.9 13.9 0.62
8 16 193.9 86.2 6.0 29.8 3.1 15.4 0.75
Phe 9 18 41.6 83.2 3.0 5.5 7.2 13.2 0.51
9 18 80.3 80.3 6.1 10.7 7.6 13.3 0.57
8 16 203.9 81.6 9.5 225 4.7 11.0 0.54
Pyr 9 18 34.0 85.1 22 3.3 6.4 9.8 0.37
8 16 63.2 84.3 22 5.3 3.5 8.4 0.35
9 18 163.4 81.7 8.0 16.6 4.9 10.2 0.48

(10) Condition a silica SPE column (1 g silica gel with
approximately 0.2 g of muffled anhydrous sodium sulfate on the
top) with 6 mL hexane—dichloromethane (3 + 1, v/v) and 4 mL
hexane.

(11) Apply the extract in hexane onto the silica SPE cartridge.

(12) Elute with hexane—dichloromethane (3 + 1, v/v) using
volume determined for the given silica gel SPE cartridges from the
elution profiles of target analytes and fat, which are dependent on
the silica deactivation, see Note (4) below. Collect the eluent.

(13) Add 0.5 mL isooctane (and 1-2 mL ethyl acetate) to the
eluent as a keeper and gently evaporate down to 0.5 mL to remove
hexane and dichloromethane from the final extract.

(14) Transfer the final extract into an autosampler vial for the
GC/MS analysis.

Notes: (1) The fat capacity of the 1 g silica gel SPE column
is approximately 0.1 g. If the 5 mL ethyl acetate extract aliquot
contains more than 0.1 g fat, it is necessary to use a smaller aliquot
volume to avoid sample breakthrough during the cleanup step.

(2) Ethyl acetate should not be present in the extract applied
to the silica cartridge because it can affect the extract polarity,
thus potentially retention of fat and analytes on the silica gel. The
coextracted fat and 50 pL isooctane act as keepers during the first
evaporation step (step 8), thus the evaporation should be conducted
gently until there is no significant change in the volume, i.e., until
only the isooctane and coextracted fat are left in the evaporation
tube or flask.

(3) Addition of 1-2 mL ethyl acetate to the eluent in step 13 is
recommended for a better control of the evaporation process and
higher absolute recoveries of volatile PAHs.

(4) The deactivation and storage of silica gel SPE cartridges
can vary, potentially resulting in different amounts of water in
the silica, thus its potentially different retention characteristics.
Therefore, it is important to test the elution profiles of PAHs and
fat and determine the optimum volume of the elution solvent to
ensure adequate analyte recoveries and fat cleanup. The following
procedure is recommended:

(a) Prepare a PAH solution in hexane by combining 50 pL of the
Working PAH Solution A and 1 mL hexane in a vial. Mix well and
apply onto a silica SPE column (1 g silica gel with approximately
0.2 g of muffled anhydrous sodium sulfate on the top), which was
conditioned with 6 mL hexane—dichloromethane (3 + 1, v/v) and
4 mL hexane.

(b) Elute with 10 mL hexane—dichloromethane (3 + 1, v/v),
collecting 0.5 mL elution fractions in 20 evaporation tubes or flasks.
Add 0.5 mL isooctane to each elution fraction and evaporate down
to 0.5 mL using the optimized evaporation conditions. Analyze
each fraction by GC/MS.

(¢) Determine PAH elution profile by plotting analyte response
(peak area or height) in a given fraction normalized to the sum
of analyte responses in all tested fractions vs the elution volume.
See Figure 2014.08B for an example of a PAH elution profile. It is
recommended to add an additional 0.5 mL on top of the determined
elution fraction (corresponding to 100% recovery) as a safety
margin ensuring good analyte recoveries in routine practice. This
would result in the optimum elution volume of 7 mL for the silica
cartridge tested in Figure 2014.08B.

(d) To check the effectiveness of fat removal, dissolve 100 mg
pure fish oil (or any suitable fat) in 1 mL hexane and apply it
onto the silica gel cartridge, which was conditioned with 6 mL
hexane—dichloromethane (3 + 1, v/v) and 4 mL hexane. Elute with
the optimum elution volume of hexane—dichloromethane (3 +
1, v/v), which was determined in the previous step (e.g., 7 mL
for the example in Figure 2014.08B). Collect this fraction in an
evaporation tube or flask, which empty weight (after heating in
an oven to remove moisture) was recorded to four decimal places

10 g of homogenized sample
- Add "*C-PAH mixture, vortex, equilibrate (15 min)

¥
Extraction:
- Add 5 mL (or 10 mL) water and 10 mL EtOAc, shake (1 min)
- Add 4 g anh. MgS04 and 2 g NaCl, shake (1 min), centrifuge
- Evaporate 5 mL aliquot of extract, reconstitute in 1 mL hexane

Silica-SPE clean-up:
- Condition 1g silica with 6 mL hexane:DCM (3:1, v/v) and 4 mL
hexane

- Apply sample
- Elute with 10 mL of hexane:DCM (3:1, v/v)

| cc-msims) analysis |

Figure 2014.08A. Flow chart of the method for
determination of PAHs in seafood using GC/MS.
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Table 2014.08E. Analyte concentrations in the mixed stock
standard solution

Analyte Concentration, pg/mL
Anthracene 10
Benz[a]anthracene 10
Benzo[a]pyrene 10
Benzo[b]fluoranthene 10
Benzo[g,h,i]perylene 10
Benzo[k]fluoranthene 10
Chrysene 25
Dibenz[a,h]anthracene 10
Fluoranthene 25
Fluorene 10
Indeno[1,2,3-cd]pyrene 10
Naphthalene 50
Phenanthrene 25
Pyrene 25
1-Methylnaphthalene 25
2,6-Dimethylnaphthalene 25
1-Methylphenanthrene 25
1,7-Dimethylphenanthrene 10
3-Methylchrysene 25

using an analytical balance. Elute the cartridge with additional 3 x
1 mL hexane—dichloromethane (3 + 1, v/v) and collect in three
evaporation tubes/flasks of known empty weight.

(e) Evaporate the four elution fractions to dryness and
gravimetrically determine the amount of fat eluting in each fraction
by subtracting the empty weights from newly recorded weights
after solvent evaporation. There should be no fat eluting in the
optimum elution fraction for PAHs (this can also be observed
visually in the tubes).

(f) If there is fat coeluting with PAHs, then the PAH and fat
elution profiles have to be reexamined to determine optimum
elution volume for PAH and fat separation (potentially sacrificing
up to 5% of late-eluting PAH amounts if necessary) or a different
silica gel cartridge has to be used.

Table 2014.08F. Dilution scheme for preparation of the
calibration standard solutions

Vol. of mixed  Vol. of working Vol. of working Vol. of *C-PAH

Calibration  stock standard ~ PAH solution?, PAH 1 ug/mL solution,  Final
level solution, pL uL solution B, pL uL vol.a, L
1 — — 50 50 1000
2 — — 100 50 1000
3 — — 200 50 1000
4 — — 500 50 1000
5 — 100 — 50 1000
6 — 200 — 50 1000
7 — 500 — 50 1000
8 100 — — 50 1000

@ Bring to volume using isooctane.

60
Optimum elution volume

50

40

30

% PAH eluted

20

10

Qrrrrrrssrsnnrsnnnanaany

Elution volume (mL)

Figure 2014.08B. An example of elution profiles of PAHs
on a silica gel SPE cartridge and determination of the
optimum elution volume.

G. GC/MS Analysis

(a) GC conditions.—Table 2014.08G provides GC conditions
that were used by the collaborative study participants. Other
conditions (e.g., column, temperature and flow program, and
injection technique and volume) can be used as long as the
laboratory qualification criteria for separation, sensitivity, and
linearity are met. The injection temperature or program needs to
be optimized to enable quantitative transfer of less volatile PAHs.
If programmable temperature vaporizer (PTV) solvent vent mode
is used, solvent venting parameters (temperature, time, flow,
pressure) need to be carefully optimized to prevent losses of the
volatile PAHs, especially naphthalene. The separation criteria
(demonstrated in Figure 2014.08C) include (1) a baseline separation
of benzo[a]pyrene and benzo[e]pyrene (concentration ratio of 1:5),
(2) at least 50% valley separation of anthracene and phenanthrene
(concentration ratio 1:2.5; evaluated for the anthracene peak),
and (3) at least 50% valley separation for benzo[b]fluoranthene,
benzo[j]fluoranthene, and benzo[k]fluoranthene (concentration
ratio of 1:1:1). Note: Criteria for separation of chrysene and
triphenylene (another PAH critical pair) were not set for the
collaborative study. For accurate quantitation of chrysene, at least
50% valley separation is recommended, which can be achieved
using selective stationary phases.

The maximum oven temperature program may not exceed the
maximum temperature limit for a given column. Backbone-modified
columns, such as Rxi-17Sil MS or DB-17MS, are recommended
for their better temperature stability and also good selectivity for
critical PAH pairs or groups, including the anthracene/phenanthrene
pair or benzofluoranthenes. Conduct proper inlet and column
maintenance to ensure adequate operation of the GC instrument.
Perform system checks.

(b) MSconditions.—Any GC/MS instrument (single quadrupole,
triple quadrupole, TOF, or ion trap) with EI may be used as long as it
provides results meeting the laboratory qualification requirements.
The 10 study participants used the following instruments: single
quadrupole (Agilent 5973—Laboratory 4; Agilent 5975B XL Inert—
Laboratories 3 and 8-10; Agilent 5975C—Laboratories 6 and 7),
triple quadrupole (Agilent 7000B—Laboratory 5; Thermo TSQ-—
Laboratory 1), and time-of-flight (Leco Pegasus 4D—Laboratory 2).
Pay special attention to the optimization of the MS transfer line
and MS source temperature. Higher MS source temperatures
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(continued)

Table 2014.08G.

10

Laboratory No.

1.5 mL/min (constant flow) 1 mL/min (constant flow) 1.3 mL/min (19.5 min), 2 mL/min (constant flow)

1.5 mL/min (13 min),
10 mL/min? to 2 mL/min

He flow/pressure program

50 mL/min? to 2 mL/min

Hot splitless Pulsed splitless Splitless PTV solvent vent

Hot splitless

Injection mode

10
60°C (2.25 min), 300°C/min

Injection volume, pL

50°C (0.5 min), 600°C/min 400°C

280°C 320°C

300°C

Inlet temperature (program)

(15 min), 30°C/min 70°C
Agilent, PTV multi-baffle,

to 335°C (45 min)

Agilent, double taper, 4 mm id Apex, ProSep taper liner,

Agilent, single taper, glass

SGE, Focus liner

Liner

2 mm id
0.5 min
100 mL/min

2 mm id

wool-packed, 4 mm id

NA
NA
NA
NA

50.0 mL/min, 2.30 min

NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

PTV solvent vent time

PTV solvent vent flow

50 kPa

PTV solvent vent pressure

NA
100 mL/min, 3 min

50 psi for 0.2 min

Pressure pulse and duration

50 mL/min, 1 min 50 mL/min, 1 min

50 mL/min, 1 min

Split vent purge flow and start

15 mL/min, 6 min NA 15 mL/min, 6 min
300

20 mL/min, 2 min

20 mL/min, 3 min

Gas saver flow and start time

325

280 320

300

MS transfer line temperature, °C

- 77
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Figure 2014.08C. GC separation criteria: (1) A baseline
separation of benzo[a]pyrene and benzo[e]pyrene
(concentration ratio of 1:5), (2) at least 50% valley separation
of phenanthrene and anthracene (concentration ratio 2.5:1;
evaluated for the anthracene peak, which is the second
peak in the figure), and (3) at least 50% valley separation for
benzo[b]fluoranthene, benzo[jlfluoranthene, and benzo[k]
fluoranthene (concentration ratio of 1:1:1).

are recommended (e.g., >280°C for Agilent sources) to provide
optimum analysis (quantitative transfers, minimum peak tailing)
for less volatile PAHs.

Table 2014.08H provides MS ions (m/z) and MS/MS transitions
used by the study participants for quantification and identification
of target PAHs and "“C-PAHs using single-stage MS (single
quadrupole and TOF) and tandem MS/MS (triple quadrupole)
instruments, respectively.

Use adequate data acquisition rate (dwell times in scanning
instruments) and solvent delay time. Perform air/water checks and
autotune to verify and obtain adequate operation of the instrument.
Verify identification of the analyte peaks by comparing the ion
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Table 2014.08H. MS ions (m/z) and MS/MS precursor to product ion transitions used by study participants for quantification
(quant) and identification (qual) of target PAHs and "*C-PAHs using single-stage MS (single quadrupole and TOF) and tandem MS/MS

(triple quadrupole) instruments, respectively

Single quad/TOF MS

Triple quad MS/MS

Compound Quant Qual Quant Qual
1,7-DMP 206 191 206>190 206>205, 206>165
1-MN 142 115 142>115 142>141, 142>116
1-MP 192 189 192>191 192>165
2,6-DMN 156 141, 144 156>115 156>141
3-MC 242 241 242>239 242>226

Ant 178 177 178>176 178>177, 178>151
BaA 228 226 228>226 228>224, 228>202
BaP 252 253 252>250 250>248, 252>224
BbF 252 253 252>250 250>248, 252>224
BghiP 276 277 276>274 274>272, 276>275
BkF 252 253 252>250 250>248, 252>224
Chr 228 226 228>226 228>224, 228>202
DBahA 278 276 278>276 276>274, 278>274
Fin 166 165 166>165 166>164, 166>163
Flt 202 200 202>200 202>201

lcdP 276 277 276>274 274>272, 276>248
Naph 128 127 128>102 128>127

Phe 178 177 178>176 178>177, 178>151
Pyr 202 200 202>200 202>201
13C-Ant 184 183 184>183 184>182, 184>156
13C-BaA 234 232 234>232 234>206
13C-BaP 256 257 256>254 256>228
13C-BbF 258 259 258>256 258>255
13C-BghiP 288 289 288>286 288>287
13C-BkF 258 259 258>256 258>255
13C-Chr 234 232 234>232 234>206
13C-DBahA 284 282 284>282 284>280
13C-FIn 172 171 172>171 172>170
13C-Flt 208 205 208>206 208>207
13C-IcdP 282 283 282>280 282>281
13C-Naph 134 133 134>133 134>105
13C-Phe 184 183 184>183 184>156
13C-Pyr 205 203, 206, 208 205>203 205>204

ratios of contemporaneously analyzed calibration standards, which
have been analyzed under the same conditions.

(¢) Injection sequence.—Bracket the seven test samples with
two sets of calibration standards. Inject solvent blanks after the
calibration level 8 (highest) standard and after the samples. In
addition, analyze a reagent blank with each set of samples. Inject
only once from each vial, thus preventing potential losses of
volatile PAHs and/or contamination.

H. Calculations
Quantification is based on linear least-squares calibration of

analyte signals (S,,,) divided by signals (S, ,,,,) of corresponding
13C-labeled internal standards (see Table 2014.08I) plotted versus

analyte concentrations. Peak areas are generally preferred as signals
used for the quantification, but peak heights should be used for
peaks that are not well resolved, such as in the case of anthracene
and phenanthrene. The analyte concentrations in the final extract
(Cppyp 1g/L) are determined from the equation:
Coan = [(SPAII/SBC—PAII) - bJa
where a is the slope of the calibration curve and b is the y-intercept.
The concentration of PAHs in the sample (C, pg/kg) is then
calculated:

C=(c,,,/c

) X
PAH' “13C-PAH

/m)

(X] 3C-PAH
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Table 2014.08l. PAH analytes and corresponding *C-PAHs

used for PAH signal normalization

Analyte

3C-PAH used for signal normalization

Anthracene
Benz[a]anthracene
Benzo[a]pyrene
Benzo[b]fluoranthene
Benzo[g,h,i]perylene
Benzo[k]fluoranthene
Chrysene
Dibenz[a,h]anthracene
Fluoranthene

Fluorene
Indeno[1,2,3-cd]pyrene
Naphthalene
Phenanthrene

Pyrene
1-Methylnaphthalene
2,6-Dimethylnaphthalene
1-Methylphenanthrene
1,7-Dimethylphenanthrene
3-Methylchrysene

Anthracene (**C)
Benz[aanthracene (**C,)
Benzo[a]pyrene (*C,)
Benzo[b]fluoranthene ("*C,)
Benzo[g,h,i]perylene (*C,,)
Benzo[k]fluoranthene (**Cy)
Chrysene (*C,)
Dibenz[a,h]anthracene ("*Cy)
Fluoranthene (*Cy)
Fluorene ("*C,)
Indeno[1,2,3-cd]pyrene (**Cy)
Naphthalene (**Cy)
Phenanthrene ("*C,)
Pyrene (*Cy)
Naphthalene (**C,)
Phenanthrene ("*C,)
Phenanthrene ("*C,)
Phenanthrene ("*C,)

Chrysene (*C,)

where C ..., is the concentration of the corresponding *C-PAH in
the calibration standard solutions (in pg/L); X, .., is the amount
of the corresponding *C-PAH added to the sample (in ng); and m
is the sample weight (in g). Based on the method procedure and
preparation of the calibration standard solutions, €, . .., i3 50 pg/L,
X scpap 18 50 ng, and m for the test samples is 10 g.

In the collaborative study, eight concentration levels were used
for the calibration, corresponding to 5, 10, 20, 50, 100, 200, 500,
and 1000 pg/L for benzo[a]pyrene and other lower-level PAHs, to
12.5, 25, 50, 125, 250, 500, 1250, and 2500 pg/L for higher-level
PAHs, except for naphthalene that was present at 25, 50, 100, 250,
500, 1000, 2500, and 5000 pg/L. Coefficients of determination (1%)
should be 0.990 or greater and back-calculated concentrations of
the calibration standards should not exceed £20% of theoretical. For
lower concentration levels, a limited calibration curve (without the
higher-end concentration points) may be used for better accuracy.
If a well-characterized quadratic relationship occurs, then a best-
fitted quadratic curve may be used for calibration. Otherwise, if
the back-calculated concentrations exceed +20% of theoretical,
normalized signals of the nearest two calibration standards that
enclose the analyte signal in the sample can be used to interpolate
the analyte concentration in the final extract.

References: (1) Kalachova, K., Pulkrabova, J., Drabova, L.,
Cajka, T., Kocourek, V., & Hajslova, J. (2011)
Anal. Chim. Acta 707, 84-91. http://dx.doi.
org/10.1016/j.aca.2011.09.016
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The analytical procedure previously developed within the European project Conffidence and
subsequently validated within the AOAC interlaboratory study is applicable not only for analysis of
PAHs in seafood, but in our lab it is successfully applied for analysis of other groups of organic
pollutants such as PCBs, OCPs, PBDEs and other brominated flame retardants. In our laboratory, the
analytical method is accredited according to ISO 17025 for the whole spectrum of above mentioned
analytes.

It has been applied in the studies summarized below:

- Analysis of oil/fish oil samples on halogenated POPs and PAHs with the aim of
documentation of contamination of products in the common market.

- Participation in the interlaboratory test FAPAS no. 665 — PAHs in olive oil and nbr. 659 —
smoked fish.

- Homogeneity testing during the preparation of CRM for PAHs analysis in smoked fish within
the Conffidence project at IRMM.

- Analysis of fish and seafood samples on PAHs, PCBs, PBDEs and OCPs within the Conffidence
project.

- Analysis of total diet samples and human breast milk samples on PAHs with the national
project - ,,Impact of air pollution to genome of newborns”.

- Analysis of organohalogenated pollutants in human breast milk samples in the human
biomonitoring surveys conducted in the Czech Republic within the years 2012 — 2016.

- Analysis of fish/seafood samples on halogenated POPs and PAHs within various commercial
analysis in our laboratory with the aim of documentation of contamination of products in the
common market, as well as within the monitoring of environmental contamination.



g
4 g National Junstitute of Standards & Technology

e

(ertificate of Analysis

Standard Reference Material® 2977

Mussel Tissue (Organic Contaminants and Trace Elements)

This Standard Reference Material (SRM) 2977 is intended for use in evaluating analytical methods for the determination
of selected polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyl (PCB) congeners, chlorinated pesticides,
polybromoinated diphenyl ether (BDE) congeners, methylmercury, and inorganic constituents in marine bivalve mollusk
tissue and similar matrices. All of the constituents for which certified, reference, and information values are provided are
naturally present in the freeze-dried mussel tissue. A unit of SRM 2977 consists of one bottle containing approximately
10 g of freeze-dried mussel tissue.

The development of this material was in response to the recommendations of the Group of Experts on Standards and
Reference Materials (GESREM) established by the Intergovernmental Oceanographic Commission (IOC), United
Nations Environment Program (UNEP), and the International Atomic Energy Agency (IAEA) [1]. The collection,
preparation, and value assignment of SRM 2977 was a collaboration between the National Institute of Standards and
Technology (NIST) and National Research Council of Canada (NRCC).

Certified Values: Certified values for concentrations, expressed as mass fractions, for 13 PAHs, 19 PCB congeners,
6 chlorinated pesticides, 5 BDE congeners (some in combination), 6 trace elements, and methylmercury are provided in
Tables 1 to 6. A NIST certified value is a value for which NIST has the highest confidence in its accuracy in that all
known or suspected sources of bias have been investigated or accounted for by NIST. The certified values for the PAHs,
PCB congeners, and chlorinated pesticides are based on the agreement of results obtained at NIST from two independent
analytical techniques and from an interlaboratory comparison study. The certified values for the BDE congeners are
based on the agreement of results obtained at NIST, from a collaborating laboratory, and from an interlaboratory
comparison study. The certified values for the trace elements and methylmercury are based on NIST measurements by
one technique and additional results from several collaborating laboratories.

Reference Values: Reference concentration values, expressed as mass fractions, are provided in Table 7 for 10
additional PAHs, 3 additional PCB congeners, 2 additional chlorinated pesticides, and five additional BDE congeners.
Reference concentration values are provided in Table 8 for nine additional inorganic constituents. Reference values are
noncertified values that represent best estimates of the true value; however, the values do not meet the NIST criteria for
certification and are provided with associated uncertainties that may reflect only measurement precision, may not include
all sources of uncertainty, or may reflect a lack of sufficient statistical agreement among multiple analytical methods.

Information Values: Information values for concentrations, expressed as mass fractions, are provided in Table 9 for 23
additional trace elements. An information value is considered to be a value that will be of use to the SRM user, but
insufficient information is available to assess the uncertainty associated with the value or only a limited number of
analyses were performed.

Expiration of Certification: The certification of SRM 2977 is valid, within the measurement uncertainty specified, until
31 December 2017, provided the SRM is handled in accordance with the instructions given in this certificate (see
“Instructions for Use”). The certification is nullified if the SRM is damaged, contaminated, or otherwise modified.

The coordination of the technical measurements leading to certification was under the direction of M.M. Schantz and
S.A. Wise of the NIST Analytical Chemistry Division.

Consultation on the statistical design of the experimental work and evaluation of the data were provided by S. D. Leigh,
M.G Vangel and M.S. Levenson of the NIST Statistical Engineering Division.

Stephen A. Wise, Chief
Analytical Chemistry Division

Gaithersburg, MD 20899 Robert L. Watters, Jr., Chief

Certificate Issue Date: 12 September 2008 Measurement Services Division
See Certificate Revision History on Last Page
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The mussels were collected under the supervision of A. Wagener from the Pontificia Unversidade Catolica, Do Rio De
Janeiro, Brazil. The mussel tissue was freeze-dried at the Natural Products Support Group at the Frederick Cancer
Research and Development Center (Frederick, MD) under the direction of T. McCloud. Preparation of the freeze-dried
material was performed by M.P. Cronise and C.N. Fales of the NIST Measurement Services Division.

Analytical measurements at NIST were performed by W.C. Davis, J.M. Keller, J.R. Kucklick, M.J. Lopez de Alda,
B.J. Porter, M.M. Schantz, S. Tutschku, and L. Yu of the NIST Analytical Chemistry Division.

Analytical measurements for selected PCB congeners were also performed at the Institute for National Measurement
Standards, NRCC (Ottawa, Canada) by G. Gardner and C. Frasier. Results for selected PAHs, PCB congeners,
chlorinated pesticides, and BDE congeners were also used from 12 laboratories that participated in an intercomparison
exercise coordinated by M. M. Schantz of the NIST Analytical Chemistry Division. Analytical measurements for
selected trace elements and methylmercury were also performed at the Institute of Applied Physical Chemistry, Research
Centre Jiilich (Jiilich, Germany) by H. Emons and at the Department of Environmental Sciences, Jozef Stefan Institute
(Ljubljana, Slovenia) by M. Horvat. Analytical measurements for selected BDE congeners were also performed at
Indiana University (Bloomington, IN) by Y.L. Zhu and R.A. Hites. Results for selected trace elements were also used
from six laboratories that participated in an intercomparison exercise coordinated by S. Willie of the Institute for National
Measurement Standards, NRCC.

Support aspects involved in the issuance of this SRM were coordinated through the NIST Measurement Services
Division.

Maintenance of SRM Certification: NIST will monitor this SRM over the period of its certification. If substantive
technical changes occur that affect the certification before the expiration of this certificate, NIST will notify the
purchaser. Registration (see attached sheet) will facilitate notification.

INSTRUCTIONS FOR USE

Prior to removal of subsamples for analysis, the contents of the bottle should be mixed. The concentrations of
constituents in SRM 2977 are reported on a dry-mass basis. The freeze-dried mussel tissue homogenate is hygroscopic,
and as received, contains greater than 3 % (mass fraction expressed as percent) residual moisture. The mussel tissue
sample should be dried to a constant mass before weighing for analysis, or if the constituents of interest are volatile, a
separate subsample of the mussel tissue should be removed from the bottle at the time of analysis and dried to determine
the concentration on a dry-mass basis.

NOTICE AND WARNING TO USERS

Storage: SRM 2977 is provided as a freeze-dried tissue homogenate in amber glass bottles. The tissue material should
be stored at room temperature or below.

Handling: Normal biohazard safety precautions for the handling of biological tissues should be exercised.
PREPARATION AND ANALYSIS'

Sample Collection and Preparation: The mussels (Perna perna, edible brown mussel) used for the preparation of
SRM 2977 were collected in Guanabara Bay, Brazil. The mussels were shucked, and the tissue was shipped to NIST on
dry ice in two batches, each containing approximately 35 kg. For processing, the tissue was allowed to partially thaw
and was transferred into a Robot Coupe Vertical Cutter Mixer until it was half full. The mussel tissue was blended for 5
min into a puree form and then poured into metal trays and frozen. The material was then freeze-dried with a starting
temperature of -10 °C and slowly warmed to a temperature of 10 °C. The dry material was broken into smaller chunks
and then jet milled to produce a fine powder. The powder was blended for homogeneity by processing through the jet
mill twice. The material was radiation sterilized (“°Co) and then aliquoted into jars (~ 10 g each).

'Certain commercial equipment, instruments or materials are identified in this certificate to adequately specify the
experimental procedure. Such identification does not imply recommendation or endorsement by the National Institute of Standards
and Technology, nor does it imply that the materials or equipment identified are necessarily the best available for the purpose.
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PAHSs, PCBs, and Chlorinated Pesticides: The general approach used for the value assignment of the PAHs, PCBs,
and chlorinated pesticides in SRM 2977 was similar to that reported for the recent certification of several environmental
matrix SRMs [2] and consisted of combining results from analyses using various combinations of different extraction
techniques, cleanup/isolation procedures, and chromatographic separation and detection techniques.

Two sets of gas chromatography/mass spectrometry (GC/MS) results, designated as GC/MS (I) and GC/MS (II), were
obtained at NIST. For GC/MS (I) analyses, single subsamples of 3 g from three bottles of SRM 2977 were extracted using
PFE with DCM as described by Schantz et al. [3]. Size exclusion chromatography (SEC) on a preparative-scale
divinylbenzene-polystyrene column (10 um particle size, 10 nm (100 A pore size, 2.5 cmi.d. x 60 cm, PL-Gel, Polymer Labs,
Inc., Amherst, MA) was used to remove the majority of the lipid and biogenic material. The extract was further fractionated
using a silica solid phase extraction (SPE) column to isolate the fraction of interest. The processed extract was then analyzed
by GC/MS using a 0.25 mm i.d. x 30 m fused silica capillary column with a 5 % (mole fraction) phenyl methylpolysiloxane
phase (0.25 um film thickness) (HP-5 MS, Agilent Technologies, Wilmington, DE) and a 0.25 mm i.d. x 60 m fused silica
capillary column with a 50 % (mole fraction) phenyl methylpolysiloxane phase (0.25 um film thickness) (DB-17 MS, Agilent
Technologies). For the GC/MS (II) analyses, one sample (2 g) from each of three bottles was extracted using PFE with DCM.
The fraction of interest was isolated using an alumina column (5% deactivated) followed by an amiopropylsilane SPE column.
The isolated fraction was then analyzed by GC/MS using a 0.18 mm i.d. x 30 m fused silica capillary column with a
proprietary non-polar phase (0.18 um film thickness) (DB-XLB, Agilent Technologies). For both methods described above,
selected perdeuterated PAHs, carbon-13 labeled PCBs, and perdeuterated pesticides were added to the mussel tissue prior to
solvent extraction for use as internal standards for quantification purposes.

In addition to the analyses performed at NIST, SRM 2977 was used in 2005 as part of the NIST Intercomparison Exercise
Program for Organic Contaminants in the Marine Environment [4]. Results from 12 laboratories that participated in this
exercise were used as the third data set in the determination of the assigned values for PAHs, PCBs, and chlorinated pesticides
in SRM 2977. The laboratories participating in this exercise used the analytical procedures routinely used in their laboratories
to measure the analytes of interest.

Homogeneity Assessment for PAHs, PCBs, and Chlorinated pesticides: The homogeneity of SRM 2977 was assessed by
analyzing duplicate 3 g samples from eight bottles selected by stratified random sampling. Samples were extracted, processed,
and analyzed as described above for GC/MS (I). No statistically significant differences among bottles were observed for the
PAHs at the 3 g sample size.

BDEs: Value assignment of concentrations for BDE congeners was based on three sets of data (one set from NIST, one
set from a collaborating laboratory, and one set from an interlaboratory comparison study) using a variety of different
extraction, cleanup, and quantification methods. All measurements were performed by using GC/MS operated in either
electron impact (GC/EI-MS) or negative chemical ionization (GC/NCI-MS) mode.

For the NIST data set (GC/MS III), 3 g to 4 g subsamples of tissue from each of three bottles were extracted using PFE
with DCM. The extracts were processed as above using SEC followed by a second cleanup step usinga 5 % deactivated
alumina SPE column. The extracts were analyzed by using GC/EI-MS on a 0.25 mm x 60 m fused silica capillary
column with a 5 % phenyl methylpolysiloxane phase (0.25 um film thickness) (DB-5MS, Agilent Technologies).
BC-Labeled 2,2,4,4'5-pentabromodiphenyl ether (BDE 99) was added to the tissue samples prior to extraction for use as
an internal standard for quantification of the BDEs.

For the measurements from the collaborating laboratory (Indiana University, Bloomington, IN) (GC/MS 1V), five
subsamples of SRM 2977 were Soxhlet extracted using hexane:acetone (1:1, volume fraction) after spiking with two
internal  standards,  "*C-labeled  2,3,3'.4,4',5-hexachlorodiphenyl ether ~ (CDE 156) and  "“C-labeled
2,2'3,3",4,4',5,5"-octachlorodiphenyl ether (CDE 194). Lipids were removed by adding concentrated H,SO, and shaking;
the organic phase was collected and the extracts were further cleaned using a 3 % deactivated silica column and an
alumina column in series. The extracts were analyzed by using GC/NCI-MS on a 0.25 mm x 60 m fused silica capillary
column with a 5 % phenyl methylpolysiloxane phase (0.25 um film thickness) (DB-5, Agilent Technologies). Details of
the analyses by the collaborating laboratory are presented by Zhu and Hites [5].

SRM 2977 was used in 2005 as part of the NIST Intercomparison Exercise Program for Organic Contaminants in the Marine
Environment [4]. Results from 12 laboratories that participated in this exercise were used as the third data set in the
determination of the assigned values for BDEs in SRM 2977. The laboratories participating in this exercise used the analytical
procedures routinely used in their laboratories to measure the analytes of interest.
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Analytical Approach for Inorganic Constituents: Value assignment of the concentrations of selected trace elements was
accomplished by combining results of the analyses of SRM 2977 at NIST, NRCC, Research Centre Jiilich, Jozef Stefan
Institute, and six selected laboratories that participated in an interlaboratory comparison exercise coordinated by the NRCC [6].

For the certified concentration values listed in Table 5, results were combined from analyses at NIST using inductively coupled
plasma mass spectrometry (ICP-MS), analyses at NRCC using isotope dilution (ID) ICP-MS and graphite furnace atomic
absorption spectrometry (GFAAS), analyses at Research Centre Jiilich using one to four techniques, analyses at Jozef Stefan
Institute using one or two techniques, and the mean of the results from six laboratories that participated in the NRCC
interlaboratory comparison exercise. For the reference values provided in Table 8, results were combined from NIST, NRCC,
Jozef Stefan Institute, Research Centre Jiilich, and the NRCC interlaboratory comparison exercise. The information values in
Table 9 are based on results of analyses at NRCC, Jozef Stefan Institute, and/or Research Centre Jiilich. The analytical
techniques used for the analysis of SRM 2977 for inorganic constituents are summarized in Table 10.

NIST Trace Element Analyses: The elements cadmium, cobalt, nickel, lead, copper, manganese, and strontium were
determined using ICP-MS, quantified by the method of standard addition. Five mL of concentrated HNO; was added to 0.5 g
subsamples from each of five bottles of SRM 2977. These samples were digested in closed vessels using programmed heating
in a microwave oven. The resulting tissue digests were quantitatively diluted into two concentration ranges; rhodium was
added to each as an internal standard. The elements copper, manganese, and strontium were determined in the more dilute
solution; cadmium, copper, nickel, and lead were determined in the more concentrated solution. Two spike solutions
containing each of these groups of elements were prepared and added to a split portion of each digest solution for the purpose
of quantification by the method of standard addition. Prior to the quantitative determination of the analyte elements, an ICP-
MS semi-quantitative analysis was performed to assess possible isobaric interferences. A correction was made for a
molybdenum oxide interference on cadmium, the only interference observed.

NRCC Trace Element Analyses: Subsamples (0.25 g) from each of six bottles were placed in polytetrafluoroethylene
(PTFE) digestion vessels with nitric acid; the vessels were sealed and heated in a microwave oven. (For the samples intended
for ICP-MS analyses, a suitable amount of each enriched isotope solution was added to each sample prior to digestion). The
digestion vessels were opened, (H,O, was added to the samples for GFAAS and H,0O, and HF were added to the samples for
ICP-Atomic Emission Spectrometry (AES), and the contents were evaporated to dryness. The residues were dissolved in nitric
acid and double distilled water. The samples were analyzed by ID-ICP-MS for the determination of silver, cadmium, copper,
nickel, lead, tin, and zinc. GFAAS was used for determination of silver, arsenic, cadmium, chromium, copper, nickel, and
selenium, and ICP-AES was used for the determination of aluminum, iron, and zinc.

Research Centre Jilich Trace Element Analyses: The elements manganese, strontium, iron, zinc, calcium, magnesium,
phosphorus, potassium, sodium, sulfur, and barium were determined by ICP-AES after pressure digestion (0.2 g of sample +
2 mL of HNO3) in PTFE vessels. Aqueous acid-matched standard solutions containing scandium as an internal standard were
used for calibration. The elements phosphorus and sulfur were determined without an internal standard. The elements
cadmium, lead, and copper were determined in aliquots of corresponding digestion solutions by GFAAS using the method of
standard addition [7,8]. ID-TIMS was used for the determination of cadmium, lead, copper, zinc, and thallium in solutions
from pressure digestion (0.2 g of sample + 2 mL of HNO; + 0.2 mL HF) [9].

For mercury determination by cold vapor atomic absorption spectrometry (CVAAS), a subsample of 0.3 g to 0.5 g of material
was digested with 10 mL concentrated nitric acid in heated quartz vessels closed with a cap [10]. The measuring system was
calibrated using mercury (II) standard solutions in nitric acid. After high-pressure digestion (HPA) in quartz vessels (0.2 g of
sample +2 mL of HNOs3), cadmium, lead, copper, nickel, and thallium were determined by ICP-MS using aqueous standard
solutions for calibration. In aliquots of HPA digestion solutions, electrochemical techniques were used for the determination of
lead (differential pulse anodic stripping voltammetry (DPASV)), nickel (adsorptive stripping voltammetry (ADSV)), and
selenium (cathodic stripping voltammetry (CSV)) at the hanging mercury drop electrode by standard addition method [11].
Selenium was quantified in HPA digestion and arsenic after open wet digestion (0.2 g of sample + 3 mL of HNO;) by HG-
AAS using aqueous standard solutions for calibration.

Jozef Stefan Institute Trace Element Analyses: Subsamples from each of six bottles of SRM 2977 were analyzed by
electrothermal atomic absorption spectrometry (ETAAS), flame atomic absorption spectrometry (FAAS), instrumental neutron
activation analysis (INAA), and radiochemical neutron activation analysis (RNAA). For the determination of trace elements
by FAAS (iron, manganese, zinc, and copper) and ETAAS (cadmium, lead, and vanadium), subsamples of 300 mg were
placed in PTFE Parr bombs with nitric acid and heated at 105 °C for 12 h. After digestion, the samples were equilibrated to
room temperature and diluted with double distilled water.

For INAA, subsamples of 150 mg to 200 mg were sealed in plastic containers and irradiated for 20 h at a fluence rate of
1.0 x 10" cm™s™. For the short-lived radionuclides, samples were irradiated for 1 min. The irradiated samples were
transferred to clean polyethylene containers and counted after 2, 8, and 30 days. For the short-lived radionuclides, samples
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were counted at 2 min after irradiation for 5 min and at 3 h for 30 min. Samples were counted with a germanium detector. For
the determination of mercury and selenium by RNAA, subsamples were sealed in quartz ampoules and irradiated for 16 h to
20 h at the fluence rate above. The samples were pyrolyzed resulting in volatilization of the mercury and selenium; selenium
was trapped on soda lime and mercury was trapped on selenium-impregnated paper. The gamma activity of the isolated
radionuclides was counted with a Nal(T1) detector.

Methylmercury: The certified value for methylmercury is based on results of analyses of SRM 2977 at NIST and two other
laboratories: Institute of Applied Physical Chemistry, Research Centre Jiilich, (Jiilich, Germany) and the Jozef Stefan Institute
(Ljubljana, Slovenia). For the determination of methylmercury, SRM 2977 was analyzed at NIST using solid phase
microextraction (SPME) with speciated isotope dilution GC/inductively coupled plasma mass spectrometry
(GC/ICPMS). For the speciated isotope dilution GC/ICPMS analyses, approximately 1.0 g to 2.0 g subsamples were
spiked with an appropriately diluted sample of IRMM-670 2OzHg enriched methylmercury isotopic CRM and subjected to
an alkaline microwave digestion (using 25 % volume fraction tetraammoniumhydroxide in water). Sodium
tetraethylborate was used for ethylation. The derivatized methylmercury was back-extracted into isooctane and injected
into a GC/ICPMS. The GC analysis used a 30 m x 0.32 mm column with a 100 % dimethylpolysiloxane phase (0.17 um
film thickness) (HP-1, Agilent Technolgies) [12]. At the Research Centre Jiilich, the analytical procedure for
methylmercury consisted of water steam distillation under acid conditions, anion exchange chromatographic separation of
inorganic mercury and methylmercury, followed by CVAAS detection before and after ultraviolet radiation [13-15]. Triplicate
subsamples (~ 300 mg) from each of three bottles were analyzed. Three methods were used for the determination of
methylmercury at the Jozef Stefan Institute: (1) HCI extraction for 12 h anion exchange chromatographic separation of
inorganic mercury and organomercury followed by cold vapor atomic absorption spectrometric detection before and after
ultraviolet radiation (IEC-CVAAS) [13,14,16]; (2) H,SO, extraction followed by ethylation at room temperature precollection,
GC-pyrolysis with cold vapor atomic fluorescence spectrometric detection (GC-CVAFS) [17-20]; and (3) solid-liquid
extraction into toluene followed by GC-ECD [16,19,21]. Six subsamples (200 mg to 500 mg) from one bottle of SRM 2977
were analyzed for each of the three analytical techniques and a subsample (500 mg) from each of six bottles of SRM 2977 was
analyzed by one technique (GC-ECD).
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Table 1. Certified Concentrations for Selected PAHs in SRM 2977

Mass Fraction

pg/kg (dry mass basis)
Fluorene®*” 1030 + 0.13@
Phenanthrene®*? 36.2 + 25@
1-Methylphenanthrene®*® 39.0 + 1.9¢
Fluoranthene®*? 3890 + 0.63¢
Pyrene®*? 774 + 2.1@
Benz[a]anthracene®*? 2019 + 0.87®
Benzo[b]fluoranthene®*? 11.10 + 0.50¢
Benzolj]fluoranthene®*? 448 £ 0.159
Benzo[e]pyrene®? 1329 + 0439
Benzo[a]pyrene®*? 530 + 0619
Perylene®? 369 + 0389
Benzo[ghi]perylene®? 945 + 037°
Indeno[1,2,3-cd]pyrene®*? 476 + 0.159

@ The certified value is a weighted mean of the results from three analytical methods [22]. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence) calculated by combining a
between-method variance incorporating inter-method bias with a pooled, within-method variance following the ISO and NIST
Guides [23].

® GCMS T

© GCMSTI

@ Results from up to 12 laboratories participating in an interlaboratory comparison exercise.

© The certified value is an unweighted mean of the results from three analytical methods. The uncertainty listed with each value is an
expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence), calculated by combining a
between-method variance [24] with a pooled, within-method variance following the ISO and NIST Guides [23].
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Table 2. Certified Concentrations for Selected PCB Congeners® in SRM 2977

Mass Fraction

pg/kg (dry mass basis)
PCB 8 (2,4"-Dichlorobiphenyl)©** 199 + 0.14®
PCB 28  (2,4,4'-Trichlorobiphenyl)©®® 517 + 0360
PCB 31  (2,4,5-Trichlorobiphenyl)© 386 + 0299
PCB 44  (2,2'3,5'-Tetrachlorobiphenyl)“®* 322+ 0219
PCB 49  (2,2'.4,5'-Tetrachlorobiphenyl)“® 244 + 027"
PCB 52  (2,2',5,5-Tetrachlorobiphenyl)© 8.02 + 0560
PCB 66  (2,3',4,4-Tetrachlorobiphenyl)©® 355+ 0.189
PCB 95  (2,2'.3,5,6-Pentachlorobiphenyl) < 517 + 0.53®
PCB 101 (2,2'.4,5,5'-Pentachlorobiphenyl)“® 106 + 09®
PCB 118 (2,3',4,4",5-Pentachlorobiphenyl)© 100 + 041®
PCB 128 (2,2',3,3',4,4'-Hexachlorobiphenyl)©® 238 +  0.28®
PCB 138 (2,2',3,4,4',5'-Hexachlorobiphenyl)“® 794 +  0.639
PCB 149 (2,2'3,4',5',6-Hexachlorobiphenyl)“® 895 + 0.67"
PCB 153 (2,2'4,4,5,5'-Hexachlorobiphenyl)© 141 + 13O
PCB 156 (2,3,3',4,4',5-Hexachlorobiphenyl)©% 0959 +  0.036%
PCB 170 (2,2',3,3',4,4,5-Heptachlorobiphenyl)©* 274 = 025"
PCB 180 (2,2'.3,4,4",5,5'-Heptachlorobiphenyl)©®* 632 + 0720
PCB 187 (2,2'.3,4",5,5'6-Heptachlorobiphenyl) 447 + 0320
PCB 194 (2,2'3,3',4,4',5,5"-Octachlorobiphenyl)“4*) 0.881 +  0.032

@ PCB congeners are numbered according to the scheme proposed by Ballschmiter and Zell [25] and later revised by Schulte and
Malisch [26] to conform with IUPAC rules; for the specific congeners mentioned in this SRM, the Ballschmiter-Zell numbers
correspond to those of Schulte and Malisch. When two or more congeners are known to coelute under the GC analysis conditions
used, the PCB congener listed first is the major component and the additional congeners may be present as minor components. The
quantitative results are based on the response of the congener listed first.

® The certified value is a weighted mean of the results from three analytical methods [22]. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence) calculated by combining a
between-method variance incorporating inter-method bias with a pooled, within-method variance following the ISO and NIST
Guides [23].

© GC/MS T

@ GemMs I

© Results from up to 12 laboratories participating in an interlaboratory comparison exercise.

® The certified value is an unweighted mean of the results from three analytical methods. The uncertainty listed with each value is an
expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence), calculated by combining a
between-method variance [24] with a pooled, within-method variance following the ISO and NIST Guides [23].
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Table 3. Certified Concentrations for Selected Chlorinated Pesticides in SRM 2977

Mass Fraction

pg/kg (dry mass basis)
trans-Nonachlor®>? 125 + 0.17®
Dieldrin(b";’d)d 555 + 0.61@
4,4'-DDE®Y 118 + 1.2©
2,4'-DDD®<Y 3.15 + 0259
4,4'-DDD®<Y 3.92 + 0.56@
4,4'-DDT =9 132 + 0.16@

@ The certified value is a weighted mean of the results from three analytical methods [22]. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence) calculated by combining a
between-method variance incorporating inter-method bias with a pooled, within-method variance following the ISO and NIST
Guides [23].

® GeMS T

© GeMS I

@ Results from up to 12 laboratories participating in an interlaboratory comparison exercise.

© The certified value is an unweighted mean of the results from three analytical methods. The uncertainty listed with each value is an
expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence), calculated by combining a
between-method variance [24] with a pooled, within-method variance following the ISO and NIST Guides [23].

Table 4. Certified Concentrations for Selected BDE Congeners® in SRM 2977

Mass Fraction

pg/kg (dry mass basis)
BDE 28  (2,4,4'-Tribromodiphenyl ether)©® 254 + 040"
33 (2',3,4-Tribromodiphenyl ether)
BDE 47  (2,2'.4,4-Tetrabromodiphenyl ether) 365 + 400
BDE 49  (2,2',4,5'-Tetrabromodiphenyl ether)©® 120 +  0.19®
BDE 66  (2,3',4,4-Tetrabromodiphenyl ether) 0453 +  0.046™

@ BDE congeners are numbered according to [UPAC rules. When two or more congeners are known to coelute under the GC
analysis conditions used, the BDE congener listed first is the major component and the additional congeners may be present as
minor components. The quantitative results are based on the response of the congener listed first.

® The certified value is a weighted mean of the results from three analytical methods [22]. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence) calculated by combining a
between-method variance incorporating inter-method bias with a pooled, within-method variance following the ISO and NIST
Guides [23].

© GC/MS I

@ GeMS IV [5]

© Results from up to 12 laboratories participating in an interlaboratory comparison exercise.
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Table 5. Certified Concentrations for Selected Inorganic Constituents in SRM 2977

Degrees of Mass Fraction
Element Freedom mg/kg (dry mass basis)®
Cadmium®**55&0 4 0.179 + 0.003
Copper>edefeh) 5 942 + 052
Lead®odetehich 4 227 + 0.13
Manganese ™™ 2 2393 £+ 0.29
Nicke] ¢ ¢eem 4 6.06 + 024
Strontium ™™ 2 693 + 42

@ The results are expressed as the certified value + the expanded uncertainty. The certified value is the mean of three to six results
from the following: (1) the mean of ICP-MS analyses performed at NIST; (2) the mean of ID-ICP-MS analyses performed at
NRCC; (3) the mean of GFAAS analyses performed at NRCC; (4) the mean of results from six selected laboratories participating in
the NRCC intercomparison exercise; (5) the mean of results from analyses by HGAAS, GFAAS, ICP-MS, ID-TIMS, ADSV,
and/or DPASV performed at Research Centre Jiilich; and (6) the mean of results from analyses by INAA, GFAAS, and FAAS
performed at JoZzef Stefan Institute. The expanded uncertainty in the certified value is equal to U = ku,, where U, is the combined
standard uncertainty calculated according to the ISO and NIST Guides [23] and K is the coverage factor. The value of u, is
intended to represent, at the level of one standard deviation, the combined effect of all the uncertainties in the certified value. Here
U. is given by the standard error of the mean of the available values.

® Measured at NIST using ICP-MS.

© Measured at NRCC using ID-ICP-MS.

@ Measured at NRCC using GFAAS.

©) Measured by six laboratories as part of the NRCC interlaboratory comparison exercise.

® Measured at Research Centre Jiilich using GFAAS

® Measured at Research Centre Jiilich using ICP-MS.

™ Measured at Research Centre Jiilich using ID-TIMS.

@ Measured at Jozef Stefan Institute using INAA.

0 Measured at Jozef Stefan Institute using FAAS.

® Measured at Jozef Stefan Institute using GFAAS.

O Measured at Research Centre Jiilich using DPASV.

MMeasured at Research Centre Jiilich using ICP-AES.

™ Measured at Research Centre Jiilich using ADSV.

Table 6. Certified Concentration of Methylmercury in SRM 2977

Mass Fraction
pg/kg (dry mass basis)

Methylmercury®” 366 £ 1.0

@ Results for methylmercury are reported as pg/kg mercury.

® The certified value is a weighted mean of the results from three analytical methods [22]. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence) calculated by combining a
between-method variance incorporating inter-method bias with a pooled, within-method variance following the ISO and NIST
Guides [23].
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Table 7. Reference Concentrations for Selected PAHs, PCB Congeners, Chlorinated Pesticides, and BDE

Congeners in SRM 2977
Mass Fraction
pg/kg (dry mass basis)
Naphthalene®9 211 = 149
1-Methylnaphthalene®9 156+ 1.5©
2-Methylnaphthalene®*? 173+ 1.7¢
Biphenyl 9 60 + 13@
Acenaphthene®*? 49 + 129
Anthracene®*? 62 + 1.4@
Chrysene®*? 422 + 559
Triphenylene™*® 361 + 249
Benzo[K]fluoranthene®* 402 £ 0.759
Dibenz[a,h]anthracene®™*? 147 + 0.33@
PCB 18" (2,2',5-Trichlorobiphenyl) ®*¢ 224+ 0.749
PCB 99" (2,2',.4,4',5-Pentachlorobiphenyl) ®*¢ 30+ 12@
PCB 105" (2,3,3',4,4'-Pentachlorobiphenyl) ®<¢ 293 £ 0469
cis-Chlordane (a-Chlordane) ®9 1.14 + 0.39@
trans-Chlordane (y-Chlordane) ®*% 201 + 0399
BDE 17"  (2,2'4-Tribromodiphenyl ether) “&" 1.04 £ 0.199
BDE 99" (2,2',4,4',5-Pentabromodiphenyl ether) &M 468 + 0.929
BDE 100" (2,2',4,4',6-Pentabromodiphenyl ether) &M 1.82 +  0.649
BDE 153" (2,2',4,4',5,5'-Hexabromodiphenyl ether) & 0.16 + 0.04°
BDE 154" (2,2',4,4',5,6'-Hexabromodiphenyl ether) “&" 020 +  0.09¢

@ The reference value is a weighted mean of the results from three analytical methods [22]. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence) calculated by combining a
between-method variance incorporating inter-method bias with a pooled, within-method variance following the ISO and NIST
Guides [23].

® GeMS T

© GC/MS IT

@ Results from up to 12 laboratories participating in an interlaboratory comparison exercise.

© The reference value is an unweighted mean of the results from three analytical methods. The uncertainty listed with each value is
an expanded uncertainty about the mean, with coverage factor 2 (approximately 95 % confidence), calculated by combining a
between-method variance [24] with a pooled, within-method variance following the ISO and NIST Guides [23].

® PCB congeners are numbered according to the scheme proposed by Ballschmiter and Zell [25] and later revised by Schulte and
Malisch [26] to conform with IUPAC rules; for the specific congeners mentioned in this SRM, the Ballschmiter-Zell numbers
correspond to those of Schulte and Malisch. BDE congeners are numbered according to [TUPAC rules.

® GC/MS I

® GCMS IV [5]
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Table 8. Reference Concentrations for Selected Inorganic Constituents in
SRM 2977 as Determined by Multiple Laboratories

Degrees of Mass Fraction
Element Freedom mg/kg (dry mass basis)®
Arsenic®¢¢® 3 883 + 091
Chromium®*9 2 391 + 047
Cobalt©5® 2 048 + 0.13
Tron®c-4D 4 274 + 18
Mercury®+D 3 0.101 + 0.004
Selenium®cdekm 3 178 + 0.16
Silver®edn 3 458 + 033
Tin" 5 147 + 027
Zinc®e-dhnp) 4 135 + 5

@ The results are expressed as the reference value + the expanded uncertainty. The reference value is the mean of three to five values
from the following values: (1) the mean of ID-ICP-MS analyses performed at NIST; (2) the mean of ID-ICP-MS analyses
performed at NRCC; (3) the mean of GFAAS or ICP-AES analyses performed at NRCC; (4) the mean of results from five or six
selected laboratories participating in the NRCC intercomparison exercise; (5) the mean of results from analyses by CSV, HGAAS,
ICP-AES, and/or ID-TIMS performed at Research Centre Jiilich; and (6) the mean of results from analyses by CVAAS, INAA,
and/or RNAA performed at Ljubljana. The expanded uncertainty in the certified value is equal to U = ku, where u, is the
combined standard uncertainty calculated according to the ISO and NIST Guides [23] and K is the coverage factor. The value of u,
is intended to represent at the level of one standard deviation the combined effect of all the uncertainties in the certified value.
Here U, is given by the standard error of the mean of the available values. The coverage factor, K, is the Student’s t-value for a 95
% confidence interval with four degrees of freedom.

® Measured at NRCC using GFAAS or ICP-AES.

© Measured at Jozef Stefan Institute using INAA.

@ Measured by five or six laboratories as part of the NRCC interlaboratory comparison exercise.

) Measured at Research Centre Jiilich using HGAAS.

® Measured at NIST using ICP-MS.

® Measured at Research Centre Jiilich using ICP-MS.

@ Measured at Research Centre Jiilich using ICP-AES.

® Measured at NRCC using CVAAS.

0) Measured at Research Centre Jiilich using CVAAS.

® Measured at Jozef Stefan Institute using RNAA.

O Measured at Jozef Stefan Institute using CVAAS.

(™Measured at Research Centre Jiilich using CSV.

™ Measured at NRCC using ID-ICP-MS.

© The reference value for tin is the mean of the results from NRCC using ID-ICP-MS and the individual results from five laboratories
participating in the NRCC interlaboratory exercise (n = 6).

® Measured at Research Centre Jiilich using ID-TIMS.
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Table 9. Information Values for the Concentrations for Selected Inorganic Constituents in SRM 2977

Element Mass Fraction
% (dry mass basis)

Calcium®” 0.83
Chlorine® 4.3
Magnesium®® 3.9
Phosphorus® 1.1
Potassium™® 1.2
Sodium®® 2.4
Sulfur®® 2.9
mg/kg (dry mass basis)
Aluminum®® 400
Antimony® 0.048
Barium® 4.7
Bromine® 215
Cerium® 0.93
Cesium® 0.039
Gold® 0.013
Todine®™ 26
Lanthanum® 0.44
Rubidium® 6.7
Samarium® 0.064
Scandium® 0.055
Thorium® 0.19
Uranium® 0.083
Vanadium® 1.1

pg/kg (dry-mass basis)

Thallium®® 10.2

@ Measured at Research Centre Jiilich using ICP-AES.
® Measured at Jozef Stefan Institute using INAA.

©) Measured at NRCC using ICP-AES.

@ Measured at Research Centre Jiilich using ICP-MS.
) Measured at Research Centre Jiilich using ID-TIMS.

SRM 2977
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SRM 2977

Table 10. Analytical Methods Used for the Analysis of SRM 2977 for Inorganic Constituents

Elements

Aluminum
Antimony
Arsenic
Barium
Bromine
Cadmium
Calcium
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Todine
Iron
Lanthanum
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Rubidium
Samarium
Scandium
Selenium
Silver
Sodium
Strontium
Sulfur
Thallium
Tin
Thorium
Uranium
Vanadium
Zinc

Methods

ADSV
CSv
CVAAS
DPASV
ETAAS
FAAS
GFAAS
HGAAS
ICP-AES
ICP-MS
ID-ICP-MS
ID-TIMS
INAA
RNAA
XRF

Analytical Methods

ICP-AES, INAA
INAA

CSV, GFAAS, HGAAS, ICP-AES, ICP-MS, INAA
ICP-AES

INAA

FAAS, GFAAS, ICP-MS, ICP-AES, ID-ICP-MS, ID-TIMS
INAA, ICP-AES

INAA

INAA

INAA

GFAAS, ICP-MS, INAA

ICP-MS, INAA, RNAA

FAAS, GFAAS, ICP-AES, ICP-MS, ID-ICP-MS, ID-TIMS
INAA

FAAS, ICP-AES, ICP-MS, INAA

INAA

DPASV, GFAAS, ICP-MS, ID-TIMS, XRF

ICP-AES, INAA

FAAS, ICP-AES, ICP-MS, INAA

CVAAS, ICP-MS INAA, RNAA

ADSV GFAAS, ICP-AES, ICP-MS

ICP-AES, INAA

INAA

INAA

INAA

CSV, GFAAS, HGAAS, ICP-MS, INAA, RNAA

GFAAS, ID-ICP-MS, ICP-MS, INAA

ICP-AES, INAA

ICP-MS, HG-AAS, INAA

ICP-AES, INAA

ICP-MS, ID-TIMS, INAA

GFAAS, ICP-AES, ICP-MS, ID-ICP-MS

INAA

INAA

INAA

FAAS, ICP-AES, ICP-MS, ID-ICP-MS, ID-TIMS, XRF, INAA

Adsorptive stripping voltammetry

Cathodic stripping voltammetry

Cold vapor atomic absorption spectrometry

Differential pulse anodic stripping voltammetry
Electrothermal atomic absorption spectrometry

Flame atomic absorption spectrometry

Graphite furnace atomic absorption spectrometry

Hydride generation atomic absorption spectrometry
Inductively coupled plasma atomic emission spectrometry
Inductively coupled plasma mass spectrometry

Isotope dilution inductively coupled plasma mass spectrometry
Isotope dilution thermal ionization mass spectrometry
Instrumental neutron activation analysis

Radiochemical neutron activation analysis

X-ray fluorescence spectrometry
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(ertificate of Analysis

Standard Reference Material® 1974c

Organics in Mussel Tissue (Mytilus edulis)

This Standard Reference Material (SRM) is a frozen mussel tissue homogenate intended for use in evaluating
analytical methods for the determination of selected polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyl (PCB) congeners, chlorinated pesticides, and polybrominated diphenyl ether (PBDE) congeners in marine
bivalve mollusk tissue and similar matrices. All of the constituents for which certified and reference values are
provided in SRM 1974c¢ were naturally present in the tissue material before processing. A unit of SRM 1974c consists
of five jars each containing approximately 10 g (wet basis) of frozen tissue homogenate.

Certified Mass Fraction Values: Certified mass fraction values for 22 PAHs, 38 PCB congeners, 11 chlorinated
pesticides, and 5 PBDE congeners are provided in Tables 1 to 4. A NIST certified value is a value for which NIST
has the highest confidence in its accuracy in that all known or suspected sources of bias have been investigated or
taken into account [1]. The certified values are based on the agreement of results obtained at NIST using multiple
analytical techniques. The measurand is the total mass fraction of each analyte listed in Tables 1 to 4. Metrological
traceability is to the SI unit for mass (expressed as micrograms per kilogram).

Reference Mass Fraction Values: Reference mass fraction values are provided in Tables 5 to 7 for an additional
18 PAHs, 14 PCB congeners, and 2 chlorinated pesticides, respectively. A NIST reference value is a non-certified
value that is the best estimate of the true value; however, the value does not meet the NIST criteria for certification
and is provided with an associated uncertainty that may reflect only measurement precision, may not include all
sources of uncertainty, or may reflect a lack of sufficient statistical agreement among multiple analytical methods [1].
The measurand is the mass fraction of each analyte listed in Tables 5 to 7 as determined by the methods used.
Metrological traceability is to the SI unit for mass (expressed as micrograms per kilogram).

Expiration of Certification: The certification of SRM 1974c is valid, within the measurement uncertainty specified,
until 30 September 2022, provided the SRM is handled and stored in accordance with the instructions given in this
certificate (see “Instructions for Handling, Storage, and Use”). The certification is nullified if the SRM is damaged,
contaminated, or otherwise modified.

Maintenance of SRM Certification: NIST will monitor this SRM over the period of its certification. If substantive
technical changes occur that affect the certification before the expiration of this certificate, NIST will notify the
purchaser. Registration (see attached sheet or register online) will facilitate notification.

Overall direction and coordination of technical measurements leading to certification were performed by
M.M. Schantz and L.C. Sander of the NIST Chemical Sciences Division.

Preparation of the material was performed by G. Ballihaut, P.R. Becker, W.C. Davis, M.B. Ellisor, J. Hoguet,
A.J. Moors, B.J. Porter, R.S. Pugh, L.B. Rust, and J.M. Yordy of the NIST Chemical Sciences Division.

Analytical measurements were performed by M.M. Schantz and S.S. Van der Pol of the NIST Chemical Sciences
Division.

Statistical analyses of the certification data were performed by N.A. Heckert and A.L. Pintar of the NIST Statistical
Engineering Division.

Carlos A. Gonzalez, Chief
Chemical Sciences Division

Gaithersburg, MD 20899 Robert L. Watters, Jr., Director

Certificate Issue Date: 05 November 2015 Office of Reference Materials
Certificate Revision History on Last Page
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Support aspects involved in the issuance of this SRM were coordinated through the NIST Measurement Services
Division.

NOTICE TO USERS: SRM 1974c IS INTENDED FOR LABORATORY USE ONLY, NOT FOR HUMAN
CONSUMPTION.

INSTRUCTIONS FOR HANDLING, STORAGE, AND USE

Storage: The SRM should be stored at —80 °C (or lower). Extended storage at temperatures of —25 °C or higher, or
if allowed to warm, the tissue homogenate will lose its powder-like form.

Handling: For the handling of this material during sample preparation, the following procedures and precautions are
recommended:

e If weighing relatively large quantities (>3 g), remove a portion from the jar and reweigh the jar to determine
the weight of the subsample. (Avoid heavy frost buildup by handling the jars rapidly and wiping them prior
to weighing.)

e For weighing smaller quantities, transfer subsamples to a pre-cooled thick-walled glass container rather than
a thin-walled plastic container to minimize heat transfer to the sample.

e Ifpossible, use a cold work space, e.g., an insulated container with dry ice or liquid nitrogen coolant on the
bottom and pre-cooled implements, such as Teflon-coated spatulas, for transferring the powder.

e If the material has been previously thawed and is no longer powder-like, allow the sample to completely
thaw, stir well, and use the contents of the entire jar for analysis.

Use: Subsamples of this SRM for analysis (minimum of 3 g) should be withdrawn from the jar immediately after
opening and used without delay for the certified values listed in Tables 1 to 4 to be valid within the stated uncertainties.
The mass fractions of constituents in SRM 1974c are reported on both a wet-mass and a dry-mass basis for user
convenience. The SRM tissue homogenate, as received, contains approximately 90 % moisture. A separate subsample
of the SRM should be removed from the jar at the time of analysis and dried to determine the concentration on a
dry-mass basis (see “Conversion to Dry-Mass Basis”).

PREPARATION AND ANALYSIS®™

Sample Collection and Preparation: The mussels (Mytilus edulis) used for the preparation of SRM 1974¢ were
collected in Dorchester Bay, MA in 2004 by TDI-Brooks International, College Station, TX. The mussels were frozen
and delivered to NIST (Hollings Marine Laboratory, Charleston, SC) where they were stored in a liquid nitrogen (LN>)
vapor-phase freezer at —150 °C. For processing, the mussels were allowed to warm to approximately 0 °C, shells were
opened, and the tissue removed using titanium knives. Approximately 70 kg of mussel tissue was stored in Teflon
bags in an LN, vapor-phase freezer (—150 °C) until homogenization. For homogenization, the frozen mussel material
was removed from the Teflon bags, placed in a pre-frozen Teflon smasher, and crushed into smaller pieces using a
manual smashing device and/or a compressed-air smashing device. The frozen, crushed mussel material was then
immediately placed back in an LN, vapor-phase freezer (—150 °C) and divided among four stainless steel buckets
within the freezer. The Palla VM-KT Vibrating Cryomill (KHD Humboldt Wedag GmbH, Cologne, Germany) was
cooled allowing LN, to flow through the mill until a temperature of —180 °C was reached. The LN, was shut off and
the crushed mussel tissue from all 4 buckets was processed through the cryomill until a fresh, frozen powder was
created. This procedure was repeated four times prior to bottling to ensure the mussel material was completely
blended. Subsamples (approximately 10 g) of the frozen mussel powder homogenate were aliquoted into cleaned,
pre-cooled glass jars within an LN» vapor-phase freezer (—150 °C) and the glass jars were then stored in —80 °C upright
mechanical freezers.

Conversion to Dry-Mass Basis: Sixteen samples were analyzed for moisture using an automated moisture/solids
microwave analysis system (CEM, Matthews, NC). Each sample was approximately 1 g of material; the automated
moisture determination temperature maximum was set to 105 °C and the power was set to 100 %. A sample was
determined to have reached dry mass when the mass of the sample had not changed more than 0.1 mg in 10s. The
moisture content at the time of the certification analyses was 89.75 % + 0.08 % (expanded uncertainty at a 95 %
confidence level for 16 samples with a standard deviation of 0.0015). Analytical results for the constituents were
determined on a wet-mass basis and then converted to a dry-mass basis by dividing by the conversion factor of
0.1025 (grams dry mass per gram wet mass). The uncertainty component for the conversion factor obtained from the

() Certain commercial equipment, instrumentation, or materials are identified in this certificate to adequately specify the
experimental procedure. Such identification does not imply recommendation or endorsement by NIST, nor does it imply that the
materials or equipment identified are necessarily the best available for the purpose.
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moisture measurements is incorporated in the uncertainties of the certified and reference values using the methods of
reference 6, reported on a dry-mass basis, that are provided in this certificate.

PAHSs, PCBs, Chlorinated Pesticides, and PBDES: Value assignments of the PAHs, PCBs, chlorinated pesticides,
and PBDEs in SRM 1974c¢ consisted of combining results from analyses using various combinations of different
extraction techniques, cleanup/isolation procedures, and chromatographic separation and detection techniques. Two
sets of gas chromatography/mass spectrometry (GC/MS) analysis methods, designated as GC/MS (I) and GC/MS (1I),
were used at NIST.

For GC/MS (I) analyses, duplicate test portions of approximately 3 g from each of 10 jars of SRM 1974c were mixed
with diatomaceous earth (Hydromatrix, Restek, Bellefonte, PA) in glass extraction thimbles. The mixtures were
extracted using Soxhlet extraction with hexane:acetone (1:1 volume fraction) for 20 h. The extract was fractionated
using two aminopropyl solid-phase extraction (SPE) columns to isolate the fraction of interest. The processed extract
was then analyzed by GC/MS using a 0.25 mm i.d. x 60 m fused silica capillary column with a 50 % (mole fraction)
phenyl methylpolysiloxane phase (0.25 pm film thickness; DB-17MS, Agilent Technologies, Wilmington, DE). The
PAHs, PCBs, and pesticides were analyzed on the DB-17MS column using electron impact MS (EI-MS), method
GC/MS (Ia). The PBDEs were analyzed on a 0.25 mm x 15 m fused silica capillary column containing a 5 % phenyl
methylsubstituted polysiloxane phase (Restek), 0.25 um film thickness using negative chemical ionization
MS (NCI-MS), method GC/MS (Ib).

For the GC/MS (II) analyses, a 9 g sample from each of six jars was extracted using pressurized-fluid extraction (PFE)
with dichloromethane (DCM). The fraction of interest was first isolated using an alumina (5 % deactivated) SPE
column. Size exclusion chromatography (SEC) on a divinylbenzene-polystyrene column (10 um particle size,
10 nm (100 A) pore size, 7.5 mm x 300 mm i.d. PLGel column, Polymer Labs, Inc., Amherst, MA) was used to
remove the majority of the remaining lipid and biogenic material. The processed extract was then analyzed by GC/MS
using a 0.18 mm i.d. X 30 m fused silica capillary column with a low-bleed, low-polarity phase (0.18 pm film
thickness; DB-XLB, Agilent Technologies, Wilmington, DE). The PAHs, PCBs, PBDEs, and certain pesticides were
analyzed on the DB-XLB column using EI-MS, method GC/MS (IIa). The remaining pesticides were analyzed on the
same capillary column using NCI-MS, method GC/MS (IIb). For the methods described above, selected perdeuterated
PAHs, carbon-13 labeled PCB congeners, chlorinated pesticides, and PBDE congeners, and fluorinated PBDE
congeners were added to the mussel tissue prior to extraction for use as internal standards for quantification purposes.

Homogeneity Assessment for PAHs, PCBs, Chlorinated Pesticides, and PBDEs: The homogeneity of SRM 1974c¢
was assessed by analyzing duplicate test portions of 3 g from 10 jars selected by stratified random sampling. Test
portions were processed and analyzed as described above for GC/MS (I). No differences among jars were observed
for the PAHs, PCBs, chlorinated pesticides, or PBDEs for a 3 g test portion size.
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Table 1. Certified Mass Fraction Values for Selected PAHs in SRM 1974¢

Mass Fraction@® k
(ng/kg)
Wet-Mass Basis Dry-Mass Basis

Fluorene 231 £+ 0.04 226 + 04 1.97
Dibenzothiophene 1.53 + 0.02 150 + 0.2 1.99
Phenanthrene 196 + 04 191 + 4 1.96
Anthracene 1.17 + 0.08 114 = 0.8 1.97
1-Methylphenanthrene 307 £ 0.11 300 £ 1.1 1.97
2-Methylphenanthrene 456 + 0.04 445 £ 05 1.97
3-Methylphenanthrene 4.09 £ 0.03 399 + 04 1.97
9-Methylphenanthrene 246 £ 0.02 240 + 03 1.97
2-Methylanthracene 0.951 = 0.007 93 £ 0.1 1.97
Fluoranthene 45.3 + 0.8 442 + 9 1.97
Pyrene 239 + 1.6 233 + 15 1.97
Benzo[ghi]fluoranthene 3.03 + 0.09 295 + 09 1.96
Benzo[c]phenanthrene 1.99 + 0.04 194 + 04 1.97
Benz[a]anthracene 5,69 £ 0.11 555 + 1.1 1.96
Benzo[K]fluoranthene 275 £+ 0.02 26.8 + 03 2.04
Benzo[a]fluoranthene 0.543 + 0.006 530 £ 0.07 1.97
Benzo[e]pyrene 733 + 0.05 716 + 07 1.98
Benzo[a]pyrene 232 + 0.03 226 + 03 1.96
Perylene 0.560 + 0.022 546 + 0.22 1.97
Benzo[ghi]perylene 2.82 + 0.05 276 + 0.5 1.97
Benzo[b]chrysene 0.694 + 0.013 6.77 £ 0.13 1.97
Picene 1.36 + 0.08 132 + 0.8 1.97

@ Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence
level) water.

® The certified value reported on a wet-mass basis is a weighted mean of average mass fractions, with one average each from two
analytical methods [3,4]. The expanded uncertainty is the half width of a symmetric 95 % parametric bootstrap confidence
interval [5], which is consistent with the ISO Guide [6,7]. The effective coverage factor k is included in the table for each PAH.

© GC/MS (Ia) using SPE clean-up followed by analysis on a DB-17MS column using EI-MS and GC/MS (Ila) using SPE and SEC
clean-up followed by analysis on a DB-XLB column using EI-MS.
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Table 2. Certified Mass Fraction Values for Selected PCB Congeners® in SRM 1974c

Mass Fraction®e® k
(ng/kg)
Wet-Mass Basis Dry-Mass Basis
PCB 8 (2,4'-Dichlorobiphenyl) 0.191+ 0.003 1.86 + 0.03 1.97
PCB 18 (2,2',5-Trichlorobiphenyl) 0.589+ 0.007 575 + 0.08 1.97
PCB 28 (2,4,4'-Trichlorobiphenyl) 147 £ 0.02 144 + 02 1.97
PCB 31 (2,4',5-Trichlorobiphenyl) 1.16 £ 0.06 11.3 = 0.6 1.97
PCB 44 (2,2'3,5-Tetrachlorobiphenyl) 1.54 + 0.08 151 + 0.8 1.97
PCB 45 (2,2',3,6-Tetrachlorobiphenyl) 0.214+ 0.019 2.09 + 0.18 1.96
PCB 49 (2,2',4,5-Tetrachlorobiphenyl) 1.76 £ 0.02 171 = 0.2 1.97
PCB 52 (2,2',5,5'-Tetrachlorobiphenyl) 249 + 0.06 243 + 0.6 1.97
PCB 56 (2,3,3',4'-Tetrachlorobiphenyl) 0.663 = 0.008 6.46 + 0.09 1.98
PCB 63 (2,3,4',5-Tetrachlorobiphenyl) 0.137+ 0.013 1.34 £ 0.13 1.97
PCB 66 (2,3',4,4-Tetrachlorobiphenyl) 1.65 = 0.02 16.1 = 0.2 2.05
PCB 70 (2,3',4',5-Tetrachlorobiphenyl) 1.57 = 0.05 153 = 0.5 1.97
PCB 74 (2,4,4',5-Tetrachlorobiphenyl) 0.850+ 0.011 829 = 0.12 1.96
PCB 82 (2,2',3,3',4-Pentachlorobiphenyl) 0.507+ 0.008 495 + 0.09 1.97
PCB 87 (2,2',3,4,5'-Pentachlorobiphenyl) 2.08 £ 0.02 203 + 0.2 2.01
PCB 92 (2,2',3,5,5-Pentachlorobiphenyl) 1.06 = 0.02 104 = 0.2 1.97
PCB 95 (2,2',3,5',6-Pentachlorobiphenyl) 1.82 £ 0.02 178 + 0.2 2.15
PCB 99 (2,2',4,4'5-Pentachlorobiphenyl) 3.55 £+ 0.05 347 £+ 0.6 1.97
PCB 101 (2,2'4,5,5'-Pentachlorobiphenyl) 6.67 = 0.05 651 + 07 1.97
PCB 105 (2,3,3',4,4'-Pentachlorobiphenyl) 1.57 £ 0.03 153 = 03 1.97
PCB 110 (2,3,3',4',6-Pentachlorobiphenyl) 547 + 0.06 534 + 07 1.97
PCB 118 (2,3',4,4',5-Pentachlorobiphenyl) 4.08 £ 0.09 398 + 09 1.97
PCB 128 (2,2',3,3',4,4'-Hexachlorobiphenyl) 0.801+ 0.011 781 £ 0.11 1.97
PCB 138 (2,2',3,4,4',5'-Hexachlorobiphenyl) 439 + 0.04 429 £ 05 1.97
PCB 146 (2,2'3.,4',5,5'-Hexachlorobiphenyl) 0.904+ 0.005 8.82 + 0.09 1.97
PCB 149 (2,2'3.,4',5',6-Hexachlorobiphenyl) 397 + 0.04 388 + 0.5 1.97
PCB 151 (2,2',3,5,5',6-Hexachlorobiphenyl) 1.13 £ 0.03 11.0 = 03 1.96
PCB 153 (2,2',4,4',5,5'-Hexachlorobiphenyl)® 6.76 + 0.12 66.0 + 1.3 1.97
132 (2,2',3,3',4,6'-Hexachlorobiphenyl)

PCB 156 (2,3,3',4,4',5-Hexachlorobiphenyl) 0.253+ 0.005 247 + 0.05 1.96
PCB 158 (2,3,3',4,4',6-Hexachlorobiphenyl) 0.443+ 0.003 433 + 0.04 1.98
PCB 163 (2,3,3',4',5,6-Hexachlorobiphenyl) 1.10 = 0.09 10.8 = 0.9 1.96
PCB 170 (2,2',3,3',4,4',5-Heptachlorobiphenyl) 0.105+ 0.009 1.03 £ 0.09 1.97
PCB 177 (2,2'3,3',4',5,6-Heptachlorobiphenyl) 0.696 + 0.011 6.79 £ 0.12 1.97
PCB 178 (2,2',3,3',5,5',6-Heptachlorobiphenyl) 0.350+ 0.011 342 + 0.11 1.97
PCB 180 (2,2',3,4,4',5,5'-Heptachlorobiphenyl) 0.594+ 0.008 579 £ 0.09 1.97
PCB 183 (2,2',3,4,4'5',6-Heptachlorobiphenyl) 0.848 £ 0.006 827 + 0.09 1.98
PCB 187 (2,2',3,4',5,5',6-Heptachlorobiphenyl) 2.09 + 0.05 204 = 0.5 1.97

@ PCB congeners are numbered according to the scheme proposed by Ballschmiter and Zell [8] and later revised by Schulte and
Malisch [9] to conform with [UPAC rules; for the specific congeners mentioned in this table, the Ballschmiter-Zell numbers
correspond to those of Schulte and Malisch. When two or more congeners are known to coelute under the GC analysis conditions
used, the PCB congener listed first is the major component and the additional congeners may be present as minor components.
The quantitative results are based on the response of the congener listed first.

(® Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence
level) water.

© The certified value reported on a wet-mass basis is a weighted mean of average mass fractions, with one average each from two
analytical methods [3,4]. The expanded uncertainty is the half width of a symmetric 95 % parametric bootstrap confidence
interval [5], which is consistent with the ISO Guide [6,7]. The effective coverage factor kK is included in the table for each PCB
congener.

@ GC/MS (Ia) using SPE clean-up followed by analysis on a DB-17MS column using EI-MS and GC/MS (Ila) using SPE and SEC
clean-up followed by analysis on a DB-XLB column using EI-MS.
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Table 3. Certified Mass Fraction Values for Selected Chlorinated Pesticides in SRM 1974c¢

Mass Fraction®? k
(ng/kg)
Wet-Mass Basis Dry-Mass Basis

Heptachlor© 0.132 £ 0.006 1.29 £ 0.06 1.97
cis-Chlordane® 1.20 + 0.05 11.7 =+ 05 1.97
trans-Chlordane(® 0.741 + 0.013 723 + 0.14 1.97
cis-Nonachlor® 0.286 + 0.006 279 + 0.06 1.98
trans-Nonachlor(@ 0.742 + 0.005 7.24 + 0.07 1.97
Dieldrin® 0.285 £ 0.021 278 £ 0.20 1.97
2,4-DDE® 0.346 = 0.002 338 £ 0.04 1.98
4,.4-DDE® 1.85 + 0.02 18.1 + 0.2 1.99
2,4-DDD® 0.398 + 0.004 388 £ 0.05 1.96
4,.4'-DDD® 1.30 + 0.09 12.7 + 0.8 1.97
2,4-DDT® 0.942 + 0.027 9.19 + 0.27 1.97

@ Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence
level) water.

® The certified value reported on a wet-mass basis is a weighted mean of average mass fractions, with one average each from two
analytical methods [3,4]. The expanded uncertainty is the half width of a symmetric 95 % parametric bootstrap confidence
interval [5], which is consistent with the ISO Guide [6,7]. The effective coverage factor Kk is included in the table for each
chlorinated pesticide.

© GC/MS (Ia) using SPE clean-up followed by analysis on a DB-17MS column using EI-MS and GC/MS (Ila) using SPE and SEC
clean-up followed by analysis on a DB-XLB column using EI-MS.

@ GC/MS (Ia) using SPE clean-up followed by analysis on a DB-17MS column using EI-MS and GC/MS (IIb) using SPE and SEC
clean-up followed by analysis on a DB-XLB column using NCI-MS.

Table 4. Certified Mass Fraction Values for Selected PBDE Congeners® in SRM 1974¢

Mass Fraction®*® k
(ng/kg)
Wet-Mass Basis Dry-Mass Basis
PBDE 17 (2,2',4-Tribromodiphenyl ether) 0.078 £+ 0.003 0.761 £ 0.032 1.97
PBDE 25 (2,3',4-Tribromodiphenyl ether) 0.103 £ 0.005 1.00 £+ 0.05 1.97
PBDE 47 (2,2'4,4'-Tetrabromodiphenyl ether) 0.939 + 0.017 9.16 + 0.18 1.96
PBDE 49 (2,2'4,5'-Tetrabromodiphenyl ether) 0.140 = 0.005 1.37 + 0.05 1.97
PBDE 99 (2,2'4,4',5-Pentabromodiphenyl ether) 0.375 = 0.004 366 + 0.05 1.97

@ PBDE congeners are numbered according to TUPAC rules.

® Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence
level) water.

© The certified value reported on a wet-mass basis is a weighted mean of average mass fractions, with one average each from two
analytical methods [3,4]. The expanded uncertainty is the half width of a symmetric 95 % parametric bootstrap confidence
interval [5], which is consistent with the ISO Guide [6,7]. The effective coverage factor k is included in the table for each PBDE
congener.

@ GC/MS (Ib) using SPE clean-up followed by analysis on a DB-17MS column using NCI-MS and GC/MS (Ila) using SPE and SEC
clean-up followed by analysis on a DB-XLB column using EI-MS.
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Table 5. Reference Mass Fraction Values for Selected PAHs in SRM 1974¢

Naphthalene®®)
1-Methylnaphthalene®<)
2-Methylnaphthalene®®)
1,2-Dimethylnaphthalene
1,6-Dimethylnaphthalene®
2,6-Dimethylnaphthalene®©)
Biphenyl®®
Acenaphthylene®®
Acenaphthene®®
1-Methylfluoranthene @
3-Methylfluoranthene(®®
Chrysene@®)
Triphenylene(@®

(b.c)

4-H-Cyclopenta[def]phenanthrene(@-®

Benzo[b]fluoranthene®®)
Benzo[j]fluoranthene @)

Dibenz[a,c+a,h]anthracene®®

Dibenzo[b,k]fluoranthene®®

Mass Fraction®

Wet-Mass Basis

0.990
1.41
1.50
0.913
1.19
0.206
0.860
0.523
0.343
0.451
1.32
19.2
10.1
2.02
5.95
2.07
0.100
0.490

+H+++H+H+H+HH+HFHHHHFHFHFHFHFH

0.039
0.03
0.06
0.007
0.02
0.006
0.008
0.007
0.019
0.014
0.02
0.5
0.1
0.04
0.05
0.01
0.001
0.010

(ng/kg)

Dry-Mass Basis

9.66
13.7
14.6

8.91
11.6

2.01

8.39

5.11

3.35

4.40
12.9

187
98.5
19.7
58.0
20.2

0.976

4.78

H+

+H+++++H+H+H+H+HFHFHFHFHFHHFHFHH

0.39
0.3
0.6
0.10
0.2
0.06
0.10
0.08
0.18
0.14
0.2
5
1.6
0.4
0.7
0.2
0.016
0.11

1.96
1.97
1.97
2.09
1.97
1.97
1.97
1.96
1.97
2.57
2.57
2.09
2.09
2.57
2.09
2.09
2.57
2.57

(@ Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence

level) water.

® GC/MS (Ia) using SPE clean-up followed by analysis on a DB-17MS column using EI-MS and GC/MS (Ila) using SPE and SEC
clean-up followed by analysis on a DB-XLB column using EI-MS.
© The reference value reported on a wet-mass basis is a weighted mean of average mass fractions, with one average each from two
analytical methods [3,4]. The expanded uncertainty is the half width of a symmetric 95 % parametric bootstrap confidence
interval [5], which is consistent with the ISO Guide [6,7]. The effective coverage factor k is included in the table for each PAH.

@ GC/MS (Ia) using SPE and SEC clean-up followed by analysis on a DB-XLB column using EI-MS.

© The reference value reported on a wet-mass basis is the mean of results obtained using one analytical technique. The expanded
uncertainty, U, is calculated as U = kuc, where Uc is one standard deviation of the analyte mean, and the coverage factor, k, is
determined from the Student’s t-distribution corresponding to the associated degrees of freedom and a 95 % confidence level for

each analyte.
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PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB

29
109
114
119
130
137
154
157
165
166
167
175
176
202

Table 6. Reference Mass Fraction Values for Selected PCB Congeners® in SRM 1974¢

Wet-Mass Basis

(2,4,5-Trichlorobiphenyl) 0.131
(2,3,3',4,6-Pentachlorobiphenyl) 0.451
(2,3,4,4',5-Pentachlorobiphenyl) 0.155
(2,3',4,4',6-Pentachlorobiphenyl) 0.341
(2,2',3,3',4,5'-Hexachlorobiphenyl) 0.356
(2,2',3,4,4',5-Hexachlorobiphenyl) 0.095
(2,2',4,4',5,6'-Hexachlorobiphenyl) 0.990
(2,3,3',4,4',5'-Hexachlorobiphenyl) 0.086
(2,3,3',5,5',6-Hexachlorobiphenyl) 1.56

(2,3,4,4',5,6-Hexachlorobiphenyl) 0.020
(2,3',4,4',5,5'-Hexachlorobiphenyl) 0.305
(2,2',3,3',4,5',6-Heptachlorobiphenyl) 0.139
(2,2',3,3',4,6,6'-Heptachlorobiphenyl) 0.165
(2,2',3,3',5,5',6,6'-Octachlorobiphenyl) 0.214

H+

+H+H+H+HH+H+HHHFHHH

Mass Fraction®ed

(ng/kg)

0.003 1.28
0.004 4.40
0.005 1.51
0.004 3.33
0.008 3.47
0.001 0.924
0.020 9.66
0.003 0.840
0.02 15.2
0.001 0.192
0.004 2.98
0.002 1.36
0.004 1.61
0.003 2.09

HoH H R H

Dry-Mass Basis

0.03
0.06
0.05
0.05
0.08
0.014
0.22
0.026
0.3
0.010
0.05
0.03
0.04
0.04

2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57
2.57

@ PCB congeners are numbered according to the scheme proposed by Ballschmiter and Zell [8] and later revised by Schulte and
Malisch [9] to conform with IUPAC rules; IUPAC PCB 109 is BZ#107.
(® Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence

leve

1) water.

© The reference value reported on a wet-mass basis is the mean of results obtained using one analytical technique. The expanded
uncertainty, U, is calculated as U = kuc, where Uc is one standard deviation of the analyte mean, and the coverage factor, k, is
determined from the Student’s t-distribution corresponding to the associated degrees of freedom and a 95 % confidence level for
each analyte.
@ GC/MS (Ia) using SPE and SEC clean-up followed by analysis on a DB-XLB column using EI-MS.

Table 7. Reference Mass Fraction Values for Selected Chlorinated Pesticides in SRM 1974¢

Mass Fraction®©

(ng/kg)

Wet-Mass Basis

Hexachlorobenzene 0.021 +

Mirex

0.164 +

0.001
0.005

Dry-Mass Basis

0.205 + 0.014
1.60 + 0.05

2.57
2.57

@ Mass fractions are reported on both wet- and dry-mass basis; material as received contains 89.75 % + 0.08 % (95 % confidence
level) water.
® The reference value reported on a wet-mass basis is the mean of results obtained using one analytical technique. The expanded
uncertainty, U, is calculated as U = kuc, where Uc is one standard deviation of the analyte mean, and the coverage factor, k, is
determined from the Student’s t-distribution corresponding to the associated degrees of freedom and a 95 % confidence level for
each analyte.
© GC/MS (IIb) using SPE and SEC clean-up followed by analysis on a DB-XLB column using NCI-MS.
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RESIDUES AND TRACE ELEMENTS

Determination of Polycyclic Aromatic Hydrocarbons (PAHS)
in Seafood Using Gas Chromatography-Mass Spectrometry:

Collaborative Study

KATERINA MASTOVSKA and WENDY R. SORENSON

Covance Laboratories Inc., Nutritional Chemistry and Food Safety, 3301 Kinsman Blvd, Madison, WI 53704

JANA HAJsLOVA

Institute of Chemical Technology, Faculty of Food and Biochemical Technology, Department of Food Chemistry and Analysis,

Technicka 3, 166 28 Prague 6, Czech Republic

Collaborators: J. Betzand; J. Binkley; K. Bousova; J.M. Cook; L. Drabova; W. Hammack; J. Jabusch; K. Keide; R. Lizak;
P. Lopez-Sanchez; M. Misunis; K. Mittendorf; R. Perez; S. Perez; S. Pugh; J. Pulkrabova; J. Rosmus; J. Schmitz; D. Staples;

J. Stepp; B. Taffe; J. Wang; T, Wenzl

A collaborative study was conducted to determine
selected polycyclic aromatic hydrocarbons (PAHs)
and their relevant alkyl homologs in seafood
matrixes using a fast sample preparation method
followed by analysis with GC/MS. The sample
preparation method involves addition of 3c-PAH
surrogate mixture to homogenized samples and
extraction by shaking with a water—ethyl acetate
mixture. After phase separation induced by addition
of anhydrous magnesium sulfate—sodium chloride
(2 + 1, wiw) and centrifugation, an aliquot of the
ethyl acetate layer is evaporated, reconstituted in
hexane, and cleaned up using silica gel SPE. The
analytes are eluted with hexane—dichloromethane
(3 + 1, vlv), the clean extract is carefully evaporated,
reconstituted in isooctane, and analyzed by GC/MS.
To allow for the use of various GC/MS instruments,
GC columns, silica SPE cartridges, and evaporation
techniques and equipment, performance-based
criteria were developed and implemented in the
qualification phase of the collaborative study.
These criteria helped laboratories optimize their
GC/MS, SPE cleanup, and evaporation conditions;
check and eliminate potential PAH contamination

in their reagent blanks; and become familiar with
the method procedure. Ten laboratories from five
countries qualified and completed the collaborative
study, which was conducted on three seafood
matrixes (mussel, oyster, and shrimp) fortified with
19 selected PAH analytes at five different levels of
benzo[a]pyrene (BaP) ranging from 2 to 50 ug/kg.
Each matrix had a varying mixture of three different
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Polycyclic Aromatic Hydrocarbons (PAHs) as First Action.
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BaP levels. The other studied PAHs were at varying
levels from 2 to 250 pg/kg to mimic typical PAH
patterns. The fortified analytes in three matrixes were
analyzed as blind duplicates at each level of BaP and
corresponding other PAH levels. In addition, a blank
with no added PAHs for each matrix was analyzed
singly. Eight to 10 valid results were obtained for
the majority of determinations. Mean recoveries of
all tested analytes at the five different concentration
levels were all in the range of 70-120%: 83.8-115%
in shrimp, 77.3-107% in mussel, and 71.6-94.6% in
oyster, except for a slightly lower mean recovery

of 68.6% for benzo[a]anthracene fortified at

25 ug/kg in oyster (RSD,: 5.84%, RSDg: 21.1%) and
lower mean recoveries for anthracene (Ant) and BaP
in oyster at all three fortification levels (50.3-56.5%
and 48.2-49.7%, respectively). The lower mean
recoveries of Ant and BaP were linked to degradation
of these analytes in oyster samples stored at —20°C,
which also resulted in lower reproducibility (RSDg
values in the range of 44.5-64.7% for Ant and
40.6-43.5% for BaP). However, the repeatability was
good (RSD, of 8.78-9.96% for Ant and 6.43-11.9%
for BaP), and the HorRat values were acceptable
(1.56-1.94 for Ant and 1.10-1.45 for BaP). In all other
cases, repeatability, reproducibility, and HorRat
values were as follows: shrimp: RSD, 1.40-26.9%,
RSDg 5.41-29.4%, HorRat: 0.22—-1.34; mussel: RSD,
2.52-17.1%, RSDg 4.19-32.5%, HorRat: 0.17-1.13;
and oyster: RSD, 3.12-22.7%, RSDg 8.41-31.8%,
HorRat: 0.34-1.39. The results demonstrate that

the method is fit-for-purpose to determine PAHs

and their alkyl homologs in seafood samples. The
method was approved by the Expert Review Panel
on PAHs as the AOAC Official First Action Method
2014.08.

s a response to the 2010 oil spill in the Gulf of Mexico,
AAOAC INTERNATIONAL formed the Stakeholder
Panel on Seafood Contaminants (SPSC) and later
issued a call for methods for determination of polycyclic
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Table 1. PAHs included in the collaborative study

aromatic hydrocarbons (PAHs) in seafood. The primary goal
was to significantly reduce the time-to-signal (including sample

Name Abbreviation

preparation and extraction) in comparison with currently
1,7-Dimethylphenanthrene 1.7-DMP accepted analytical methods requiring 96-120 hours to
1-Methylnaphthalene 1-MN complete. In addition, acceptable methods had to demonstrate
1-Methylphenanthrene 1-MP an LOQ of 1 ug/kg for benzo[a]pyrene (BaP) in seafood. The
2,6-Dimethyinaphthalene 2,6-DMN SPSC PAH Working Group on Quantitative Methods evaluated
3-Methylchrysene 3-MC about 30 methods that were submitted as a response to the
Anthracene Ant call or found in the literature. The evaluation criteria included:
Benz[a]anthracene BaA fitness-for-purpose requirements (LOQ, speed, and scope),
Benzo[a] pyrene BaP identification and quantification (compatibility with MS), quality
Benzo[b]fluoranthene BbF of data to meet AOAC INTERNATIONAL single-laboratory
Benzo[g,h,i]perylene BghiP validation requirements (e.g., accuracy, precision, and analysis
Benzo[K]fluoranthene BkF of reference materials), and practical considerations, such as
Chrysene Chr availability of equipment.
Dibenz[a,h]Janthracene DBahA The Working Group selected a method developed for the
Fluoranthene Flt determination of PAHs, polychlorinated biphenyls (PCBs), and
Fluorene Fin polybrominated diphenyl ethers (PBDEs) in fish and seafood by
Indeno[1,2,3-cd]pyrene IcdP Jana Hajslova’s group at the Institute of Chemical Technology
Naphthalene Naph (ICT) in Prague, Czech Republic (1) within a European
Phenanthrene Phe integrated project CONffIDENCE (Contaminants in Food and
Pyrene Pyr Feed: Inexpensive Detection for Control of Exposure; 2). This

method was studied within the presented collaborative study, for
which the analytes were narrowed down to include only PAHs
and some of the relevant PAH alkyl homologs (see Table 1 for the
list of 19 studied analytes and their abbreviations).

Table 2. PAH fortification levels (in pg/kg) in the shrimp, mussel, and oyster test samples

Shrimp Mussel Oyster

Low Mid High Low Mid High Low Mid High
PAH Level 1 Level 2 Level 4 Level 1 Level 3 Level 4 Level 2 Level 3 Level 5
1,7-DMP? 20 20 20 40 40 40 80 80 80
1-MN 20 75 200 20 100 200 75 100 250
1-MP 10 25 125 10 50 125 25 50 200
2,6-DMN 15 40 175 15 75 175 40 75 225
3-MC 10 30 145 10 90 145 30 90 225
Ant 5 10 40 5 15 40 10 15 60
BaA 5 15 60 5 25 60 15 25 100
BaP 2 5 25 2 10 25 5 10 50
BbF 5 10 75 5 30 75 10 30 100
BghiP 2 5 20 2 10 20 5 10 25
BkF 2 8 40 2 20 40 8 20 75
Chr 15 50 175 15 100 175 50 100 250
DBahA 2 5 15 2 10 15 5 10 20
Fin 5 15 50 5 25 50 15 25 75
Flt 10 25 100 10 50 100 25 50 150
ledP 2 5 20 2 10 20 5 10 25
Naph 25 80 160 25 125 160 80 125 225
Phe 15 50 175 15 100 175 50 100 250
Pyr 15 40 125 15 75 125 40 75 200

# 1,7-DMP served as a homogenization check, which was added to the blank mussel and oyster matrix during the homogenization step (prior to

fortification).



MASTOVSKA ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 98, NO. 2, 2015 479

Collaborative Study

Purpose

The purpose of this study was to evaluate the method’s
intralaboratory and interlaboratory performance and submit the
results to AOAC INTERNATIONAL for adoption as an Official
Method for the determination of PAHs in seafood.

Study Design

This study evaluated the method performance for
determination of 19 selected PAHs, including alkyl homologs
relevant to an oil spill contamination (see Table 1), in three
seafood matrixes: shrimp, oysters, and mussels, with five
different levels of BaP ranging from 2 to 50 pg/kg. Each matrix
had a varying mixture of three different BaP levels (“low,”
“mid,” and “high”). The other studied PAHs were added
at varying levels from 2 to 250 pg/kg to mimic typical PAH
patterns (Table 2). The fortified analytes in the three matrixes
were analyzed as blind duplicates at each level of BaP and
corresponding other PAH levels. In addition, a blank with no
added PAHs for each matrix was analyzed singly. The AOAC
official method guidelines for collaborative study procedures (3)
were followed for the preparation of the study and data analysis.

Test Sample Preparation

Blank mussel and oyster samples were homogenized with
liquid nitrogen and tested in duplicate by an independent
laboratory for potential contamination with the target PAHs.
During homogenization, portions of the blank matrixes were
spiked with 1,7-dimethylphenanthrene (1,7-DMP) at 40 and
80 pg/kg in the case of mussel and oyster, respectively. These
were utilized as a homogenization check throughout the
course of the study. The collaborators determined 1,7-DMP
along with the other 18 analytes, which were spiked into 10 g
sample portions placed in polypropylene centrifuge tubes by
the study direction team. Five different spiking levels were
made at varying PAH concentrations (Table 2), resulting in
three different duplicate spiked samples/matrix in addition to
a blank. Participants were supplied with the test samples ready
for analysis labeled with unique identification numbers. All test
samples were shipped frozen on dry ice with a material receipt
document to be returned to the Study Directors. The test samples
had to be stored in a freezer set to maintain at least —20 = 10°C.
Test samples were to be analyzed after completion of laboratory
qualification and practice sample analysis.

Blank shrimp matrix (peeled, without head and tail, and
uncooked) was homogenized without the use of liquid nitrogen
using a blender. After testing for potential contamination with
the target PAHs, 10 g blank sample portions were placed in
polypropylene centrifuge tubes, which were sent to study
participants together with spiking solutions labeled with unique
identification numbers. Using instructions provided by the
Study Directors, participants fortified the blank shrimp samples
themselves on the day of the analysis.

Three different spiking levels were used at varying PAH
concentrations (Table 2), resulting in three different duplicate
spiked samples in addition to a blank (seven samples altogether).

The blank shrimp samples were shipped frozen on dry ice with a
material receipt document to be returned to the Study Directors.
The test samples had to be stored in a freezer set to maintain at
least —20 + 10°C. The spiking solutions were to be stored in a
refrigerator set to maintain 5 + 3°C. (Note: This modification
of the shrimp test sample preparation protocol (as compared to
mussel and oyster) was made (after consultations with the SPSC
PAH Working Group and the AOAC Methods Committee on
PAHs ) due to potential stability issues discovered during the
practice sample analysis and follow-up experiments with fortified
shrimp samples stored at different conditions. 3-Methylchrysene
(3-MC) had to be replaced by 6-methylchrysene (6-MC) in the
spiking and calibration solutions for shrimp samples due to
the unavailability of a 3-MC reference standard at the time of
preparation and shipment of the new set of shrimp samples to
the study participants.)

Laboratory Qualification

During the laboratory qualification phase, the collaborators
conducted the following seven steps. These steps were
necessary because the Study Directors allowed the use of
various GC/MS instruments, GC columns, silica SPE cartridges,
and evaporation techniques and equipment. Therefore,
performance-based criteria were developed to help laboratories
optimize their GC/MS, SPE cleanup, and solvent evaporation
conditions; check and eliminate potential PAH contamination
in their reagent blanks; and become familiar with the method.
Laboratory qualification and practice sample results had to be
approved by the Study Directors before proceeding with the test
sample analysis. Sixteen laboratories entered the qualification
phase, but only 10 of them (listed in the Acknowledgments
section) completed the qualification successfully and/or
continued in the study.

(1) The first step was a GC separation test where participants
analyzed a composite PAH solution by GC/MS/MS to obtain a
baseline separation of BaP and benzo[e]pyrene (concentration
ratio of 1:5); at least 50% valley separation of anthracene
and phenanthrene (concentration ratio 1:2.5, evaluated for
the anthracene peak); and at least 50% valley separation for
benzo[b]fluoranthene, benzo[j]fluoranthene, and benzo[k]
fluoranthene (concentration ratio of 1:1:1).

(2) The second step was a calibration range test where
participants prepared calibration standards and obtained
normalized calibration curves for the studied PAHs versus
respective labeled internal standards (13C-PAHS). Collaborators
had to determine the linear range, test for carryover by injecting
a solvent blank after the highest standard, and adjust injection
conditions (such as injection volume, number of washes, syringe
size, etc.) to achieve low detection limits, acceptable linearity
for the tested concentration range, and minimum carryover.
Coefficient of determination (rz) values should be 0.990 or
greater, and back-calculated concentrations of the calibration
standards should not exceed +20% of theoretical. For lower
concentration levels, a limited calibration curve (without
the higher-end concentration points) may be used for better
accuracy. If a well characterized quadratic relationship occurs,
then a best-fitted quadratic curve may be used for calibration.
Otherwise, if the back-calculated concentrations exceed £20%
of theoretical, normalized signals of the nearest two calibration
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standards that enclose the analyte signal in the sample could be
used to interpolate the analyte concentration.

(3) The third step was a test of the solvent evaporation where
participants determined absolute recoveries of both PAHs and
BC-PAHs in two evaporation experiments (with three replicates
each): (a) gentle evaporation of 5 mL of a PAH/ BC-pAH
solution in ethyl acetate and reconstitution in isooctane and
(b) gentle evaporation of 10 mL of a PAH/ C-PAH solution
in hexane—dichloromethane (3 + 1, v/v) and reconstitution in
isooctane. The absolute recoveries of all analytes, including
naphthalene, and 13C-naphthalene had to be above 70%.

(4) The fourth step was the determination of the elution
profiles of PAHs and fat on silica gel SPE columns chosen for the
PAH analysis by the laboratory. The silica gel columns could be
prepared in-house using the procedure described in the method
or could be obtained commercially from different vendors. The
elution volume of 10 mL hexane—dichloromethane (3 + 1, v/v)
specified in the ICT method (1) was optimized for the analysis
of PAHs, PCBs, and PBDEs using the in-house prepared
silica gel minicolumns for which the silica gel deactivation
(5% water added) and storage are controlled by the laboratory.
For commercially available silica gel SPE cartridges, however,
the deactivation and storage can vary, potentially resulting
in different amounts of water in the silica thus potentially
different retention characteristics. Therefore, it is important
to test the elution profiles of PAHs and fat and determine the
optimum volume of the elution solvent to ensure adequate
analyte recoveries and fat cleanup. The PAH elution profile was
determined by applying 1 mL of a PAH in hexane solution to the
silica cartridge, collecting fractions of hexane—dichloromethane
(3 + 1, v/v) eluting from the cartridge, exchanging the fractions
to 0.5 mL isooctane, and analyzing them by GC/MS. The fat
elution profile was checked gravimetrically by applying 1 mL
of hexane containing 100 mg of fat (pure fish oil) onto the silica
cartridge, collecting the optimum elution fraction determined
for PAHs and three consecutive 1 mL fractions, and evaporating
them to dryness.

(5) The fifth step was a reagent (procedure) blank test where
participants determined concentrations of the target PAHs in
three replicates of reagent (procedure) blank that was prepared
the same way as the samples, except that 10 mL of water was
used instead of the sample. The concentrations of all analytes
in the reagent blanks had to be below the concentrations in the
lowest calibration level standard. For naphthalene, levels below
the second lowest calibration standard (equivalent to 5 ng/g of
naphthalene in the sample) were still acceptable if the source of
contamination could not be eliminated, such as by selection of
a silica gel SPE column from a different vendor (or preparation
of silica gel columns in-house), heating of glassware, addition
of a hydrocarbon trap to the nitrogen lines used for solvent
evaporation, etc.

(6) The sixth step was a low-level spike test where
collaborators prepared and analyzed seven spiked samples
using blank shrimp matrix and a mixed PAH spiking solution
that were both supplied to them. The samples were spiked at
PAH concentrations equivalent to the second lowest calibration
level (1 pg/kg for BaP, which is a fitness-for-purpose LOQ
requirement established for the study) to test instrument
sensitivity and method precision. The shrimp matrix had to
be stored in a freezer set to maintain at least —20 £ 10°C. The

mixed PAH spiking solution was to be stored in a refrigerator
set to maintain 5 =+ 3°C.

(7) The seventh step was the analysis of practice samples.
Three practice samples were supplied to the participants.
Two of the three samples were shrimp blank matrix already
spiked with two different mixed PAH solutions (BaP levels of
2-50 pg/kg, other PAHs at 2-250 ng/kg). The third sample was
the National Institute of Standards and Technology Standard
Reference Material 1974b, which is a mussel matrix with
certified concentrations of incurred PAHs and other organic
contaminants. All practice samples were shipped frozen on dry
ice and had to be stored in a freezer set to maintain at least
-20+ 10°C.

Quality Assurance

The method uses a mixture of isotopically labeled BC-PAH
surrogate standards that were added at 5 pg/kg to the samples
prior to the extraction process. Quantification was based on
calibration of analyte signals (peak areas or heights) divided
by signals of respective BC-labeled internal standards plotted
versus analyte concentrations. Eight concentration levels were
used for the calibration, corresponding to 0.5, 1, 2, 5, 10, 20, 50,
and 100 pg/kg for BaP and other lower level PAHs, and to 1.25,
2.5,5,12.5, 25, 50, 125, and 250 pg/kg for higher level PAHs,
except for naphthalene that was present at levels corresponding
to 2.5, 5, 10, 25, 50, 100, 250, and 500 pg/kg. Values of r* had
to be 0.990 or greater, and back-calculated concentrations of the
calibration standards should not exceed +20% of theoretical. For
lower concentration levels, a limited calibration curve (without
the three higher-end concentration points) was used for better
accuracy. In addition to reporting . values, back-calculated
calibration standard concentrations, and analyte concentrations,
the collaborators were also required to report ion ratios as a
means of verifying identification of the analyte peaks.

A solvent (isooctane) blank was injected before and after
each calibration set. Reagent (procedural) blanks were analyzed
with each set of samples. During homogenization, portions
of the blank mussel and oyster matrixes were spiked with
1,7-DMP, which served as a homogenization check of the
sample processing step.

Data Reporting

Participants supplied PAH and BC-PAH signals (peak areas
or heights) in test samples, calibration standards, and blanks
and other parameters as described above in Quality Assurance
in Excel forms created by the Study Directors. They also had to
provide details about their GC and MS instruments and method
conditions, evaporation equipment and conditions, and silica
gel SPE cartridge and optimum elution volume. Participants
were asked to record all observations and any potential method
deviations, investigate any potential unreasonable results
(caused by, e.g., incorrect calculations and arithmetic errors,
use of wrong units, transposition errors, incorrect standard
preparation or contamination), and have all the results and
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calculations reviewed by a peer, laboratory supervisor, or
manager.

Data Analysis

The Study Directors reviewed and compiled all the
data submitted by the participants. Statistical analysis was
conducted using the AOAC spreadsheet for blind duplicates (4)
to determine mean analyte concentrations, SD (S;) and RSD
(RSD,) for repeatability (for blind duplicate data), SD (Sy) and
RSD (RSDg) for reproducibility, number of valid data points,
HorRat value (RSDg/predicted RSDg), and percentage recovery
for all data after removal of outliers (3). The following tests were
used in the AOAC spreadsheet (4) to determine outliers: (&) the
Cochran test for removal of laboratories showing significantly
greater variability among replicate (within-laboratory) analyses
than the other laboratories for a given material, and (b) the
Grubbs’ tests for removal of laboratories with extreme averages.

AOAC Official Method 2014.08
Polycyclic Aromatic Hydrocarbons (PAHs)
in Seafood
Gas Chromatography-Mass Spectrometry
First Action 2014

[Applicable for the determination of the following PAHs
in mussel, oyster, and shrimp: 1,7-dimethylphenanthrene,
1-methylnaphthalene, 1-methylphenanthrene, 2,6-dimethyl-
naphthalene, 3-methylchrysene, anthracene, benz[a]anthracene,
benzo[a]pyrene, benzo[b]fluoranthene, benzo[g,h,i]perylene,
benzo[Kk]fluoranthene, chrysene, dibenz[a,h]anthracene,
fluoranthene, fluorene, indeno[1,2,3-cd]pyrene, naphthalene,
phenanthrene, and pyrene. These were representative PAH
analytes selected for the collaborative study. The method
has been single-laboratory validated for 32 PAHs in fish and
shrimp (1), and, therefore, is expected to be applicable to other
GC-amenable PAHs and seafood matrices. The concentration
ranges evaluated within the collaborative study are given in
Table 2014.08A.]

Caution: See Appendix B: Laboratory Safety. Use appropriate
personal protective equipment such as laboratory coat, safety
glasses or goggles, appropriate chemical-resistant gloves, and

a fume hood. Dispose of solvents and solutions according
to federal, state, and local regulations. Always handle open
containers of solvents inside the fume hood, including the
pouring, mixing, evaporating, and preparing standard solution.
Keep containers covered or closed when not in use.

Hexane and isooctane.—Highly flammable, liquid irritants.
Harmful if inhaled, swallowed, or absorbed through the skin.
May also cause skin and eye irritation.

Ethyl acetate—Highly flammable, liquid irritants. Harmful
if swallowed in quantity. Vapors may cause drowsiness.

Toluene.—Highly flammable, liquid irritant. Harmful if
inhaled, swallowed, or absorbed through the skin. May also
cause skin and eye irritation. May cause drowsiness. Possible
teratogen.

Dichloromethane.—Noncombustible, liquid irritant.
Harmful if inhaled, swallowed, or absorbed through the skin.
May also cause skin and eye irritation. Asphyxiant. Causes
central nervous system (CNS) depression. Possible carcinogen
and mutagen.

PAHs.—Carcinogens, respiratory sensitizers, teratogens,
reproductive hazard, mutagens. Harmful if inhaled, swallowed,
or absorbed through the skin. May also cause skin and eye
irritation.

See Tables 2014.08B-D for results of the interlaboratory
study supporting acceptance of the method.

A. Principle

Homogenized seafood samples (10 g sample with a 5 ng/kg
addition of *C-PAH surrogate mixture) are mixed with 5 mL
water (or 10 mL water in the case of shrimp and other more
viscous samples) and shaken vigorously by hand with 10 mL
ethyl acetate in a 50 mL polypropylene centrifuge tube for
1 min. Subsequently, 4 g anhydrous magnesium sulfate and
2 g sodium chloride are added to the mixture to induce phase
separation and force the analytes into the ethyl acetate layer.
The tube is again shaken by hand for 1 min and then centrifuged
for 10 min at >1500 rcf. A 5 mL aliquot of the ethyl acetate
layer is evaporated, reconstituted in 1 mL hexane, and cleaned
on an SPE column with 1 g silica gel and approximately
0.2 g anhydrous sodium sulfate on the top. The column is
conditioned with 6 mL hexane—dichloromethane (3 + 1, v/v)

Table 2014.08A. PAH and *C-PAH concentrations in the calibration standard solutions

Concentration, pg/L

Equivalent concentration, ug/kg

Calibration level ~ BaP and others®  Chr and others” Naph® 3C-PAHSs BaP and others  Chr and others Naph 3C-PAHSs
1 5 12.5 25 50 0.5 1.25 25 5
2 10 25 50 50 1 25 5 5
3 20 50 100 50 2 5 10 5
4 50 125 250 50 5 125 25 5
5 100 250 500 50 10 25 50 5
6 200 500 1000 50 20 50 100 5
7 500 1250 2500 50 50 125 250 5
8 1000 2500 5000 50 100 250 500 5

& Analytes at 10 ug/mL in the mixed stock standard solution.

b Analytes at 25 ug/mL in the mixed stock standard solution.

¢ Analytes at 50 pg/mL in the mixed stock standard solution.
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Table 2014.08B. Statistical results for the studied PAHs at three different concentration levels in shrimp after elimination of
statistical outliers

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s,, ug/kg sr, Mg’/kg  RSD, % RSDg, % HorRat
1,7-DMP 9 18 21.7 108.6 2.6 4.1 11.8 18.9 0.66
9 18 22.7 113.7 1.8 4.2 8.0 18.7 0.66
9 18 21.7 108.3 1.9 4.4 8.8 20.4 0.72
1-MN 9 18 231 115.4 6.2 6.8 26.9 294 1.04
9 18 81.5 108.6 6.7 15.6 8.3 19.1 0.82
9 18 203.2 101.6 17.8 55.4 8.8 27.3 1.34
1-MP 9 18 10.0 99.9 1.0 1.4 9.8 14.0 0.44
9 18 25.0 99.9 1.9 3.7 7.6 14.9 0.53
9 18 119.4 95.5 6.7 15.7 5.6 13.1 0.60
2,6-DMN 8 16 15.6 103.9 1.1 2.6 6.9 16.4 0.55
8 16 37.8 94.6 438 7.4 12.6 19.5 0.74
7 14 146.7 83.8 16.6 20.3 1.3 13.9 0.65
6-MC 9 18 11.1 110.5 0.6 1.5 5.8 13.1 0.42
9 18 322 107.2 1.6 3.6 5.1 11.1 0.42
9 18 145.2 100.1 8.7 13.7 6.0 9.4 0.44
Ant 9 18 4.9 98.5 0.3 0.5 6.7 10.3 0.29
9 18 10.6 105.7 0.8 1.7 7.3 16.2 0.51
9 18 38.9 97.4 24 4.6 6.2 1.7 0.45
BaA 9 18 4.8 95.9 0.3 0.5 7.0 9.7 0.27
9 18 15.0 99.9 0.6 1.3 43 8.4 0.28
9 18 56.6 94.4 25 5.2 45 9.2 0.37
BaP 9 18 1.9 96.2 0.1 0.2 6.5 121 0.29
9 18 4.9 98.7 0.4 0.5 7.3 9.6 0.27
8 16 23.1 92.3 1.1 1.6 4.6 7.0 0.25
BbF 9 18 4.8 96.7 0.3 0.5 6.6 10.1 0.28
9 18 9.8 98.2 0.3 0.7 2.6 7.0 0.22
9 18 71.6 95.5 3.9 6.3 55 8.8 0.37
BghiP 8 16 1.9 94.7 0.1 0.2 7.0 1.7 0.28
8 16 4.9 98.5 0.2 0.5 43 9.9 0.28
8 16 18.0 90.1 1.0 1.4 5.7 7.9 0.27
BkF 9 18 2.0 99.5 0.1 0.3 6.2 13.7 0.34
9 18 8.1 101.7 0.4 0.7 4.9 8.7 0.26
9 18 38.3 95.8 1.8 2.8 4.7 7.2 0.28
Chr 8 16 15.2 101.5 0.5 1.4 3.1 9.4 0.31
9 18 50.7 101.4 2.2 4.1 44 8.1 0.32
9 18 167.4 95.6 9.0 14.5 5.3 8.7 0.41
DBahA 9 18 1.9 95.9 0.2 0.3 10.9 135 0.33
9 18 5.0 100.4 0.3 0.6 6.6 11.2 0.32
9 18 13.8 91.8 0.9 1.2 6.4 8.4 0.28
Fin 8 16 52 103.0 0.1 0.5 1.4 10.0 0.28
9 18 15.4 102.3 0.6 1.1 4.2 7.5 0.25
9 18 47.3 94.7 2.1 4.1 45 8.7 0.34
Flt 9 18 9.7 97.2 0.6 1.0 6.0 10.4 0.32
9 18 25.1 100.3 1.4 24 55 9.7 0.35
9 18 93.9 93.9 4.9 8.7 5.2 9.3 0.41
lcdP 9 18 2.0 98.2 0.1 0.3 5.3 13.3 0.32
9 18 5.1 102.2 0.5 0.6 9.1 11.0 0.31
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Table 2014.08B. (continued)

No. of No. of Mean Mean
PAH laboratories replicates concn, ug/kg recovery, % sy, Hg/kg Sr, Mg/kg RSD,, % RSDg, % HorRat
9 18 18.4 92.1 1.1 1.9 5.7 10.5 0.36
Naph 8 16 27.7 110.7 2.8 2.8 10.3 10.3 0.37
9 18 84.1 105.1 5.6 8.8 6.7 10.5 0.45
8 16 158.7 99.2 9.7 34.2 6.1 21.6 1.02
Phe 8 16 15.1 100.5 0.5 1.2 3.3 7.8 0.26
9 18 49.7 99.4 1.5 3.0 3.1 6.0 0.24
9 18 168.0 96.0 8.6 16.6 5.1 9.9 0.47
Pyr 9 18 14.8 98.5 0.9 1.3 6.1 8.8 0.29
9 18 40.3 100.8 1.6 3.3 3.8 8.2 0.32
8 16 118.7 95.0 2.9 6.4 25 5.4 0.25

and 4 mL hexane, followed by application of the 1 mL extract in
hexane. The analytes are eluted with hexane—dichloromethane
(3 + 1, v/v) using volume determined for the given silica gel
SPE cartridges from the elution profiles of target analytes
and fat, which are dependent on the silica deactivation. The
clean extract is carefully evaporated, reconstituted in 0.5 mL
isooctane, and analyzed by GC/MS. See Figure 2014.08A for
the method flow chart.

B. Apparatus

(a) Homogenizer.—WARING blender
(Conair Corp., Stamford, CT) or equivalent.

(b) Solvent evaporator.—Any suitable solvent evaporator,
such as a rotary vacuum evaporator, Kuderna-Danish
evaporator, or a nitrogen blow-down system, may be used as
long as it provides results meeting the laboratory qualification/
method set-up requirements (absolute analyte recoveries >70%
in both evaporation steps).

(c) Centrifuge.—Capable of centrifugation of 50 mL tubes at
>1500 rcf for 10 min.

(d) Furnace/oven.—Capable of 600°C operation.

(e) Balance(s).—Analytical, capable  of
measuring weights from 1 mgto 10 g.

(f) Gas chromatograph-mass spectrometer.—Any GC/MS
instrument [single quadrupole, triple quadrupole, time-of-flight
(TOF), or ion trap] with electron ionization (EI) may be used as
long as it provides results meeting the laboratory qualification
requirements (to provide reliable results for the calibration
range specified in Table 2014.08A).

(g9) GC column.—Capillary column BPX-50 (30 m, 0.25 mm
id, 250 pum film thickness; Trajan Scientific, Austin, TX, USA)
or equivalent (USP specification G3), such as Rxi-17Sil MS
(Restek Corp., Bellefonte, PA, USA); DB-17MS, DB-17, or
HP-50 (Agilent Technologies, Santa Clara, CA, USA); or any
other column that enables adequate separation of PAHs as
specified in the laboratory qualification requirements (see G).

Model 38BL40

accurately

C. Reagents and Materials

(a) Hexane.—>98.5%, mixture of isomers.
(b) Isooctane.—ACS or better grade.
(c) Ethyl acetate.—>99.5%, for GC residue analysis.

(d) Dichloromethane.—>99.9%, for GC residue analysis.

(e) Toluene.—>99.9%, for GC residue analysis.

(f) Water.—Purified, free of interfering compounds.

(9) Anhydrous sodium sulfate (Na,SO4).—>99.0%, powder,
heated at 600°C for 7 h and then stored in a desiccator before
use (Na,SO, prepared and stored as indicated can be used for
1 month from preparation).

(h) Silica gel SPE column.—Containing 1 g silica gel. Any
commercially available silica gel SPE column can be used as
long as it provides adequate fat cleanup and meets requirements
for low background contamination specified in the laboratory
qualification requirements: the concentrations of all analytes in
the reagent blanks had to be below the concentrations in the
lowest calibration level standard; for naphthalene, levels below
the second lowest calibration standard (equivalent to 5 ng/g
naphthalene in the sample) are still acceptable if the source of
contamination could not be eliminated.

Silica gel SPE columns can be prepared in-house using the
following procedure: Activate the silica gel by heating at 180°C
for 5 h, and then deactivate it by adding 5% deionized water,
shaking for 3 h. Store in a desiccator for 16 h before use (silica
gel prepared and stored as indicated can be used for 14 days).
Place a piece of deactivated glass wool in a Pasteur pipet (5 mL),
add 1 g activated silica gel (Silica gel 60, 0.063—0.2 mm, 70-230
mesh or equivalent) and top it with approximately 0.2 g muffled
anhydrous Na,SOy,.

(i) Anhydrous magnesium sulfate (MgSQO,).—>99.0%,
powder, heated (muffled) at 600°C for 7 h, and then store in a
desiccator before use (MgSO, prepared and stored as indicated
can be used for 1 month from preparation). Note: A preweighed
(commercially available) mixture of 2 g sodium chloride and
4 g anhydrous magnesium sulfate (muffled) in pouches or tubes
can be used.

(J) Sodium chloride (NaCl).—>99.0%.

(k) Helium 5.0 or better, nitrogen 4.0 or better.

() Polypropylene centrifuge tubes.—50 mL.

(m) Glass Pasteur pipet.—5 mL (for solvent transfers and/or
in-house preparation of silica gel minicolumns).

(n) Syringes/pipets.—Capable of accurate measurement
and transfer of appropriate volumes for standard solution
preparation and sample fortification (50-1000 pL).

(0) Volumetric flasks.—5-100 mL.

(p) Glassware for evaporation steps.—Depending on the
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Table 2014.08C. Statistical results for the studied PAHs at three different concentration levels in mussel after elimination of
statistical outliers

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s, Mg/kg sr, MO/kg RSD,, % RSDg, % HorRat
1,7-DMP 10 20 38.1 95.3 5.7 8.8 14.9 23.2 0.89
9 18 394 98.6 4.6 8.3 1.7 211 0.81
10 20 38.9 97.3 4.6 8.9 11.9 22.8 0.87
1-MN 10 20 19.3 96.5 3.1 45 16.2 23.2 0.80
10 20 96.9 96.9 9.0 19.2 9.2 19.8 0.87
8 16 208.7 104.4 26.6 26.6 12.7 12.7 0.63
1-MP 9 18 9.8 98.1 0.7 1.8 7.2 18.0 0.56
9 18 45.8 91.6 5.3 9.6 11.6 21.0 0.82
9 18 117.2 93.7 10.2 24.4 8.7 20.8 0.94
2,6-DMN 10 20 13.8 91.9 1.5 29 11.2 20.7 0.68
8 16 65.4 87.2 3.1 13.6 438 20.7 0.86
10 20 153.8 87.9 10.7 36.8 6.9 23.9 1.13
3-MC 10 20 9.9 98.6 0.7 1.7 7.6 16.7 0.52
10 20 87.2 96.8 4.1 10.9 47 12.5 0.54
10 20 138.0 95.2 3.8 16.7 2.8 12.1 0.56
Ant 10 20 3.9 77.9 0.3 1.3 6.7 325 0.88
9 18 13.0 86.8 1.7 3.2 12.8 24.8 0.81
9 18 31.5 78.8 1.4 7.9 4.6 25.0 0.93
BaA 10 20 4.3 85.1 0.3 0.7 6.9 15.9 0.44
10 20 215 85.9 1.1 2.3 5.1 10.9 0.38
8 16 52.6 87.7 1.3 2.2 25 4.2 0.17
BaP 9 18 1.6 79.2 0.1 0.3 5.6 20.5 0.49
9 18 8.1 80.5 0.6 1.4 6.9 17.7 0.54
9 18 19.3 77.3 0.6 2.6 3.0 13.4 0.46
BbF 10 20 4.7 944 0.3 0.5 7.2 10.6 0.30
10 20 271 90.2 1.9 2.8 6.9 10.2 0.37
10 20 69.1 92.1 2.1 5.8 3.0 8.4 0.35
BghiP 9 18 2.0 98.1 0.1 0.2 4.9 10.6 0.26
10 20 9.3 92.7 0.4 1.1 4.4 12.1 0.37
10 20 17.9 89.6 0.6 1.5 3.2 8.6 0.29
BkF 9 18 1.9 97.4 0.1 0.2 7.2 10.3 0.25
10 20 18.5 92.7 1.1 24 6.2 12.8 0.44
10 20 36.6 91.5 1.0 3.8 2.7 10.4 0.40
Chr 10 20 14.2 94.4 0.8 1.3 5.7 9.5 0.31
10 20 91.6 91.6 4.1 8.6 45 9.4 0.41
10 20 159.8 91.3 4.9 11.8 3.1 74 0.35
DBahA 10 20 1.9 93.1 0.2 0.2 9.1 11.2 0.27
10 20 9.1 90.5 0.5 1.2 54 13.5 0.41
10 20 13.6 90.8 0.5 1.2 4.0 8.5 0.28
Fin 10 20 54 107.7 0.2 0.6 3.5 10.6 0.30
10 20 25.5 101.8 1.0 1.9 3.7 7.6 0.27
9 18 48.1 96.2 1.7 24 3.5 4.9 0.20
Flt 9 18 10.2 102.4 1.1 1.4 10.7 13.2 0.41
10 20 48.9 97.7 2.7 4.3 5.5 8.8 0.35
9 18 93.3 93.3 4.9 6.6 5.3 71 0.31
lcdP 10 20 2.0 97.7 0.1 0.2 7.3 11.3 0.28

10 20 9.4 93.7 0.5 1.1 5.6 1.9 0.37
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Table 2014.08C. (continued)

No. of No. of Mean Mean
PAH laboratories replicates concn, pg/kg recovery, % s;, Mg/kg Sr, Hg/kg RSD,, % RSDg, % HorRat
10 20 17.9 89.3 0.9 1.6 4.9 8.8 0.30
Naph 9 18 237 94.6 1.9 4.0 8.1 171 0.61
10 20 105.9 84.7 10.1 26.7 9.5 252 1.12
16 146.7 91.7 7.2 19.2 4.9 13.1 0.61
Phe 16 14.5 96.8 0.8 0.9 5.3 6.1 0.20
8 16 93.1 93.1 3.9 8.5 4.1 9.2 0.40
8 16 160.8 91.9 5.8 13.0 3.6 8.1 0.38
Pyr 10 20 14.2 94.6 0.7 1.3 5.0 9.3 0.31
10 20 715 95.4 2.9 7.0 4.0 9.8 0.41
10 20 116.5 93.2 4.5 9.6 3.8 8.3 0.37

evaporation technique (e.g., small round-bottom flasks, suitable
tubes, or glassware for Kuderna-Danish evaporation). It is
recommended to heat the glassware for at least 2 h at 250°C to
remove potential contamination.

D. Reference Standards

(a) PAH standards.—High-purity reference standards of the
PAH analytes (1,7-dimethylphenanthrene, 1-methylnaphthalene,

1-methylphenanthrene, 2,6-dimethylnaphthalene, 3-methyl-
chrysene, anthracene, benz[a]anthracene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[g,h,i]perylene, benzo[Kk]

fluoranthene, chrysene, dibenz[a,h]anthracene, fluoranthene,
fluorene, indeno[1,2,3-cd]pyrene, naphthalene, phenanthrene,
and pyrene).

(b) U.S. Environmental Protection Agency (EPA) 16 PAH
cocktail.—(">C, 99%), Product No. ES-4087 (5 pg/mL, 1.2 mL
in nonane), Cambridge Isotope Labs (Tewksbury, MA, USA)
or equivalent.

Containing: Acenaphthene (13C(,, 99%), acenaphthylene
(]3C6, 99%), anthracene (13C6, 99%), benz[a]anthracene ('3C6,
99%), benzo[b]fluoranthene (13C6, 99%), benzo[k]fluoranthene
(13C6, 99%), benzo[g,h,i]perylene (13C12, 99%), benzo[a]pyrene
(13C4, 99%), chrysene (13C6, 99%), dibenz[a,h]anthracene
(PCq, 99%), fluoranthene (°Cq, 99%), fluorene (°Cy, 99%),
indeno[1,2,3-cd]pyrene (13C6, 99%), naphthalene (13C6, 99%),
phenanthrene (13C6, 99%), and pyrene ( BC(,, 99%).

E. Preparation of Standard Solutions

(a) Individual stock solutions.—Prepare individual PAH
stock solutions at approximately 1000 or 2500 pg/mL in toluene.

(b) Mixed stock standard solution.—Use analyte individual
stock solutions to obtain a mixed solution of each PAH at
10 pg/mL (for benzo[a]pyrene) and other low-level PAHs)
or 25 pg/mL (for chrysene and other higher-level PAHs) or
50 pg/mL (for naphthalene) in isooctane. See Table 2014.08E
for analyte concentrations in the mixed stock standard solution.

(c) Working PAH Solution A.—Accurately transfer 0.5 mL of
the mixed stock standard solution into a 5 mL volumetric flask
and dilute to volume with isooctane.

(d) Working PAH Solution B.—Accurately transfer 0.5 mL of

the Working PAH Solution A into a 5 mL volumetric flask and
dilute to volume with isooctane.

(e) Internal standard solution.—Prepare 1 pg/mL solution of
3C-PAHSs in isooctane by 5-fold dilution of the 5 pg/mL EPA 16
C-PAHSs cocktail with isooctane.

(f) Calibration standard solutions—Prepare eight levels
of calibration standard solutions (I mL each) in 2 mL amber
screw-cap vials. It is recommended to distribute small portions
(enough for a single injection) of the calibration standard
solutions into multiple crimp-top vials with 100 uL deactivated
glass inserts. See Table 2014.08A for analyte concentrations in
the calibration standards and Table 2014.08F for the dilution
scheme.

(1) For level 1 calibration standard.—Accurately transfer
50 pL of the Working PAH Solution B into the vial and add
50 uL of the 1 pg/mL 3C-PAHS solution and 900 uL isooctane.
Cap the vial and vortex mix briefly.

(2) For level 2 calibration standard.—Accurately transfer
100 pL of the Working PAH Solution B into the vial and add
50 uL of the 1 pg/mL 3C-PAHS solution and 850 uL isooctane.
Cap the vial and vortex mix briefly.

(3) For level 3 calibration standard.—Accurately transfer
200 pL of the Working PAH Solution B into the vial and add
50 uL of the 1 pg/mL C-PAHSs solution and 750 pL isooctane.
Cap the vial and vortex mix briefly.

(4) For level 4 calibration standard.—Accurately transfer
500 uL of the Working PAH Solution B into the vial and add
50 uL of the 1 pg/mL C-PAHSs solution and 450 pL isooctane.
Cap the vial and vortex mix briefly.

(5) For level 5 calibration standard.—Accurately transfer
100 pL of the Working PAH Solution A into the vial and add
50 uL of the 1 pg/mL C-PAHSs solution and 850 pL isooctane.
Cap the vial and vortex mix briefly.

(6) For level 6 calibration standard.—Accurately transfer
200 pL of the Working PAH Solution A into the vial and add
50 uL of the 1 pg/mL C-PAHs solution and 750 pL isooctane.
Cap the vial and vortex mix briefly.

(7) For level 7 calibration standard.—Accurately transfer
500 pL of the Working PAH Solution A into the vial and add
50 uL of the 1 pg/mL 3C-PAHs solution and 450 pL isooctane.
Cap the vial and vortex mix briefly.

(8) For level 8 calibration standard.—Accurately transfer
100 pL of the mixed stock standard solution into the vial and
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Table 2014.08D. Statistical results for the studied PAHs at three different concentration levels in oyster after elimination of
statistical outliers

No. of No. of Mean Mean recovery,
PAH laboratories replicates concn, pg/kg % s, ug/kg sr, MO/kg RSD,, % RSDg, % HorRat
1,7-DMP 8 16 72.3 90.4 4.1 11.7 57 16.2 0.68
8 16 69.0 86.2 4.9 12.6 71 18.3 0.76
8 16 65.6 82.0 55 13.2 8.4 20.1 0.83
1-MN 8 16 67.9 90.5 43 14.8 6.4 21.8 0.91
9 18 90.8 90.8 20.6 28.9 22.7 31.9 1.39
9 18 236.6 94.6 26.4 55.3 11.2 234 1.18
1-MP 7 14 20.2 80.8 1.8 4.8 8.8 23.9 0.83
8 16 39.9 79.8 2.6 7.7 6.4 19.3 0.74
8 16 154.7 77.3 16.9 34.7 10.9 224 1.06
2,6-DMN 7 14 30.5 76.2 3.0 5.3 9.8 17.5 0.65
7 14 57.9 77.2 49 10.8 8.5 18.6 0.76
7 14 161.3 71.7 12.7 20.9 7.9 13.0 0.62
3-MC 9 18 27.8 92.5 1.7 3.6 6.0 13.0 0.47
9 18 79.8 88.6 5.1 10.3 6.4 13.0 0.55
9 18 196.8 87.5 10.1 235 5.1 12.0 0.59
Ant 7 14 53 53.2 0.5 2.9 8.8 55.0 1.56
7 14 75 50.3 0.8 4.9 10.0 64.7 1.94
6 12 34.0 56.6 3.0 15.1 8.8 445 1.67
BaA 9 18 10.9 72.6 0.8 2.2 7.7 19.7 0.62
9 18 17.2 68.6 1.0 3.6 5.8 211 0.71
9 18 71.6 71.6 3.9 125 5.4 17.5 0.73
BaP 9 18 25 49.7 0.3 1.1 11.9 435 1.10
9 18 4.8 48.2 0.4 2.0 9.0 422 1.18
9 18 24.6 49.3 1.6 10.0 6.4 40.5 1.45
BbF 9 18 8.6 85.9 0.6 1.0 6.6 11.6 0.35
9 18 24.6 81.8 1.7 2.7 71 11.2 0.40
9 18 82.8 82.8 34 9.8 4.1 11.9 0.51
BghiP 9 18 4.1 824 0.2 0.5 5.9 12.3 0.34
9 18 8.2 81.9 0.7 1.1 8.6 13.6 0.41
9 18 19.6 78.4 1.0 2.3 4.9 1.7 0.41
BkF 9 18 6.9 85.9 0.5 1.1 7.7 16.3 0.48
9 18 16.9 84.3 1.1 2.6 6.5 15.4 0.52
9 18 62.9 83.8 3.8 8.2 6.1 13.1 0.54
Chr 9 18 43.0 85.9 2.8 43 6.5 9.9 0.39
9 18 81.6 81.6 5.0 8.6 6.2 10.6 0.45
9 18 204.1 81.6 8.7 19.0 4.3 9.3 0.46
DBahA 9 18 4.1 82.7 0.4 0.5 9.0 13.0 0.35
8 16 8.2 82.2 0.6 1.1 75 13.4 0.41
9 18 16.0 80.0 0.7 2.0 44 12.7 0.43
Fin 9 18 12.5 83.3 1.0 1.9 8.2 15.4 0.50
9 18 20.3 81.2 1.4 3.0 6.8 14.6 0.51
9 18 57.0 76.0 2.3 1.3 4.0 19.9 0.81
Flt 9 18 22.0 88.2 21 3.6 9.5 16.2 0.57
9 18 42.0 83.9 5.1 75 12.2 17.9 0.69
9 18 120.7 80.5 7.0 171 5.8 14.2 0.65
lcdP 9 18 43 86.8 0.4 0.6 9.6 13.1 0.36
9 18 8.3 83.3 0.8 1.1 9.0 13.7 0.42
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No. of Mean Mean recovery,
PAH laboratories No. of replicates concn, pg/kg % sy, Hg/kg SR, Hg/kg RSD;, % RSDg, % HorRat
9 18 20.0 80.1 1.0 2.2 4.8 10.7 0.37
Naph 9 18 71.0 88.7 5.3 9.4 7.5 13.2 0.55
9 18 106.2 84.9 7.3 14.7 6.9 13.9 0.62
8 16 193.9 86.2 6.0 29.8 3.1 15.4 0.75
Phe 9 18 41.6 83.2 3.0 55 7.2 13.2 0.51
9 18 80.3 80.3 6.1 10.7 7.6 13.3 0.57
8 16 203.9 81.6 9.5 225 4.7 11.0 0.54
Pyr 9 18 34.0 85.1 2.2 3.3 6.4 9.8 0.37
8 16 63.2 84.3 2.2 5.3 3.5 8.4 0.35
9 18 163.4 81.7 8.0 16.6 4.9 10.2 0.48

add 50 pL of the 1 pg/mL C-PAHs solution and 850 ne
isooctane. Cap the vial and vortex mix briefly.

F. Extraction and Cleanup Procedure

(1) Add 50 pL of the 1 pg/mL BC-PAHs solution to
10 = 0.1 g of thoroughly homogenized seafood sample in a
50 mL polypropylene centrifuge tube.

(2) Vortex sample for 15 s and let equilibrate for 15 min.

(3) Add 5 mL (10 mL in the case of shrimp) of purified water
and 10 mL ethyl acetate.

(4) Shake tube vigorously by hand for 1 min.

(5) Add 4 g of muffled anhydrous magnesium sulfate and
2 g sodium chloride, and seal the tube well (ensure that powder
does not get into the screw threads or rim of the tube).

(6) Shake tube vigorously by hand for 1 min, ensuring that
crystalline agglomerates are broken up sufficiently during
shaking.

(7) Centrifuge tube at >1500 rcf for 10 min.

(8) Take a 5 mL aliquot of the upper ethyl acetate layer,
add 50 pL isooctane as a keeper, and gently evaporate all ethyl
acetate until only isooctane and co-extracted sample fat are left.

(9) Reconstitute in 1 mL hexane.

(10) Condition a silica SPE column (1 g silica gel with
approximately 0.2 g of muffled anhydrous sodium sulfate on
the top) with 6 mL hexane—dichloromethane (3 + 1, v/v) and
4 mL hexane.

(11) Apply the extract in hexane onto the silica SPE cartridge.

(12) Elute with hexane—dichloromethane (3 + 1, v/v) using
volume determined for the given silica gel SPE cartridges
from the elution profiles of target analytes and fat, which are
dependent on the silica deactivation, see Note (4) below. Collect
the eluent.

(13) Add 0.5 mL isooctane (and 1-2 mL ethyl acetate) to
the eluent as a keeper and gently evaporate down to 0.5 mL to
remove hexane and dichloromethane from the final extract.

(14) Transfer the final extract into an autosampler vial for the
GC/MS analysis.

Notes: (1) The fat capacity of the 1 g silica gel SPE column
is approximately 0.1 g. If the 5 mL ethyl acetate extract aliquot
contains more than 0.1 g fat, it is necessary to use a smaller
aliquot volume to avoid sample breakthrough during the
cleanup step.

(2) Ethyl acetate should not be present in the extract applied
to the silica cartridge because it can affect the extract polarity,
thus potentially retention of fat and analytes on the silica gel.
The coextracted fat and 50 pL isooctane act as keepers during
the first evaporation step (step 8), thus the evaporation should
be conducted gently until there is no significant change in the
volume, i.e., until only the isooctane and coextracted fat are left
in the evaporation tube or flask.

(3) Addition of 1-2 mL ethyl acetate to the eluent in step 13
is recommended for a better control of the evaporation process
and higher absolute recoveries of volatile PAHs.

(4) The deactivation and storage of silica gel SPE cartridges
can vary, potentially resulting in different amounts of water in
the silica, thus its potentially different retention characteristics.
Therefore, it is important to test the elution profiles of PAHs and
fat and determine the optimum volume of the elution solvent
to ensure adequate analyte recoveries and fat cleanup. The
following procedure is recommended:

(a) Prepare a PAH solution in hexane by combining
50 pL of the Working PAH Solution A and 1 mL hexane
in a vial. Mix well and apply onto a silica SPE column (1 g
silica gel with approximately 0.2 g of muffled anhydrous
sodium sulfate on the top), which was conditioned with 6 mL
hexane—dichloromethane (3 + 1, v/v) and 4 mL hexane.

(b) Elute with 10 mL hexane—dichloromethane (3 + 1, v/v),

10 g of homogenized sample
- Add "*C-PAH mixture, vortex, equilibrate (15 min)

v
Extraction:
- Add 5 mL (or 10 mL) water and 10 mL EtOAc, shake (1 min)
- Add 4 g anh. MgS04 and 2 g NaCl, shake (1 min), centrifuge
- Evaporate 5 mL aliquot of extract, reconstitute in 1 mL hexane

Silica-SPE clean-up:
- Condition 1g silica with 6 mL hexane:DCM (3:1, v/v) and 4 mL
hexane

- Apply sample
- Elute with 10 mL of hexane:DCM (3:1, v/v)

v

| cc-ms(ms) analysis |

Figure 2014.08A. Flow chart of the method for determination of
PAHSs in seafood using GC/MS.
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Table 2014.08E. Analyte concentrations in the mixed
stock standard solution

Analyte Concentration, pg/mL
Anthracene 10
Benz[a]anthracene 10
Benzo[a]pyrene 10
Benzo[b]fluoranthene 10
Benzo[g,h,i]perylene 10
Benzo[k]fluoranthene 10
Chrysene 25
Dibenz[a,h]anthracene 10
Fluoranthene 25
Fluorene 10
Indeno[1,2,3-cd]pyrene 10
Naphthalene 50
Phenanthrene 25
Pyrene 25
1-Methylnaphthalene 25
2,6-Dimethylnaphthalene 25
1-Methylphenanthrene 25
1,7-Dimethylphenanthrene 10
3-Methylchrysene 25

collecting 0.5 mL elution fractions in 20 evaporation tubes
or flasks. Add 0.5 mL isooctane to each elution fraction and
evaporate down to 0.5 mL using the optimized evaporation
conditions. Analyze each fraction by GC/MS.

(c) Determine PAH elution profile by plotting analyte
response (peak area or height) in a given fraction normalized
to the sum of analyte responses in all tested fractions vs the
elution volume. See Figure 2014.08B for an example of a
PAH elution profile. It is recommended to add an additional
0.5 mL on top of the determined elution fraction (corresponding
to 100% recovery) as a safety margin ensuring good analyte
recoveries in routine practice. This would result in the optimum
elution volume of 7 mL for the silica cartridge tested in
Figure 2014.08B.

Table 2014.08F. Dilution scheme for preparation of the
calibration standard solutions

Vol. of
Vol. of mixed Vol. of working ~ working ~ Vol. of 3C-PAH
Calibration stock standard PAH solution?, PAH 1 pg/mL Final
level solution, pL uL solution B, uL ~ solution, yL ~ vol.?, uL
1 — — 50 50 1000
2 — — 100 50 1000
3 — — 200 50 1000
4 — — 500 50 1000
5 — 100 — 50 1000
6 — 200 — 50 1000
7 — 500 — 50 1000
8 100 — — 50 1000

@ Bring to volume using isooctane.

60
Optimum elution volume

50

40

30

% PAH eluted

Qe rrrrrrssnassrsranannannas

(=]
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Elution volume (mL)

Figure 2014.08B. An example of elution profiles of PAHs on a
silica gel SPE cartridge and determination of the optimum elution
volume.

(d) To check the effectiveness of fat removal, dissolve 100 mg
pure fish oil (or any suitable fat) in 1 mL hexane and apply it
onto the silica gel cartridge, which was conditioned with 6 mL
hexane—dichloromethane (3 + 1, v/v) and 4 mL hexane. Elute
with the optimum elution volume of hexane—dichloromethane
(3 + 1, v/v), which was determined in the previous step (e.g.,
7 mL for the example in Figure 2014.08B). Collect this
fraction in an evaporation tube or flask, which empty weight
(after heating in an oven to remove moisture) was recorded to
4 decimal places using an analytical balance. Elute the cartridge
with additional 3 x 1 mL hexane—dichloromethane (3 + 1, v/v)
and collect in three evaporation tubes/flasks of known empty
weight.

(e) Evaporate the four elution fractions to dryness and
gravimetrically determine the amount of fat eluting in each
fraction by subtracting the empty weights from newly recorded
weights after solvent evaporation. There should be no fat
eluting in the optimum elution fraction for PAHs (this can also
be observed visually in the tubes).

(f) If there is fat coeluting with PAHs, then the PAH and fat
elution profiles have to be reexamined to determine optimum
elution volume for PAH and fat separation (potentially
sacrificing up to 5% of late-eluting PAH amounts if necessary)
or a different silica gel cartridge has to be used.

G. GC/MS Analysis

(a) GC conditions.—Table 2014.08G provides GC
conditions that were used by the collaborative study participants.
Other conditions (e.g., column, temperature and flow program,
and injection technique and volume) can be used as long as the
laboratory qualification criteria for separation, sensitivity, and
linearity are met. The injection temperature or program needs
to be optimized to enable quantitative transfer of less volatile
PAHSs. If programmable temperature vaporizer (PTV) solvent
vent mode is used, solvent venting parameters (temperature,
time, flow, pressure) need to be carefully optimized to prevent
losses of the volatile PAHs, especially naphthalene. The
separation criteria (demonstrated in Figure 2014.08C) include
(1) a baseline separation of benzo[a]pyrene and benzo[e]pyrene
(concentration ratio of 1:5), (2) at least 50% valley separation
of anthracene and phenanthrene (concentration ratio 1:2.5;
evaluated for the anthracene peak), and (3) at least 50% valley
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(continued)

Table 2014.08G.

10

Laboratory No.

2 mL/min (constant flow)

1.3 mL/min (19.5 min),
50 mL/min? to 2 mL/min

1.5 mL/min (constant flow) 1 mL/min (constant flow)

1.5 mL/min (13 min),
10 mL/min? to 2 mL/min

He flow/pressure program

Hot splitless Pulsed splitless Splitless PTV solvent vent

Hot splitless

Injection mode

10
60°C (2.25 min), 300°C/min

Injection volume, pL

50°C (0.5 min), 600°C/min 400°C

280°C 320°C

300°C

Inlet temperature (program)

(15 min), 30°C/min 70°C
Agilent, PTV multi-baffle,

to 335°C (45 min)

Agilent, double taper, 4 mm id Apex, ProSep taper liner,

Agilent, single taper, glass

SGE, Focus liner

Liner

2 mm id

2 mm id

wool-packed, 4 mm id

0.5 min
100 mL/min

NA
NA
NA
NA

50.0 mL/min, 2.30 min

NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

PTV solvent vent time

PTV solvent vent flow

50 kPa

PTV solvent vent pressure

NA

50 psi for 0.2 min

Pressure pulse and duration

100 mL/min, 3 min

50 mL/min, 1 min 50 mL/min, 1 min

50 mL/min, 1 min

Split vent purge flow and start

15 mL/min, 6 min NA 15 mL/min, 6 min
300

20 mL/min, 2 min

20 mL/min, 3 min

Gas saver flow and start time

325

280 320

300

MS transfer line temperature, °C
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Figure 2014.08C. GC separation criteria: (1) A baseline separation
of benzo[a]pyrene and benzo[e]pyrene (concentration ratio of 1:5),
(2) at least 50% valley separation of phenanthrene and anthracene
(concentration ratio 2.5:1; evaluated for the anthracene peak,
which is the second peak in the figure), and (3) at least 50% valley
separation for benzo[b]fluoranthene, benzo[jlfluoranthene, and
benzo[k]fluoranthene (concentration ratio of 1:1:1).

separation for benzo[b]fluoranthene, benzo[j]fluoranthene,
and benzo[k]fluoranthene (concentration ratio of 1:1:1). Note:
Criteria for separation of chrysene and triphenylene (another
PAH critical pair) were not set for the collaborative study. For
accurate quantitation of chrysene, at least 50% valley separation
is recommended, which can be achieved using selective
stationary phases.

The maximum oven temperature program may not
exceed the maximum temperature limit for a given column.
Backbone-modified columns, such as Rxi-17Sil MS or
DB-17MS, are recommended for their better temperature
stability and also good selectivity for critical PAH pairs
or groups, including the anthracene/phenanthrene pair
or benzofluoranthenes. Conduct proper inlet and column
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Table 2014.08H. MS ions (m/z) and MS/MS precursor to product ion transitions used by study participants for
quantification (quant) and identification (qual) of target PAHs and 3C-PAHs using single-stage MS (single quadrupole and
TOF) and tandem MS/MS (triple quadrupole) instruments, respectively

Single quad/TOF MS

Triple quad MS/MS

Compound Quant Qual Quant Qual
1,7-DMP 206 191 206>190 206>205, 206>165
1-MN 142 115 142>115 142>141, 142>116
1-MP 192 189 192>191 192>165
2,6-DMN 156 141, 144 156>115 156>141
3-MC 242 241 242>239 242>226

Ant 178 177 178>176 178>177, 178>151
BaA 228 226 228>226 228>224, 228>202
BaP 252 253 252>250 250>248, 252>224
BbF 252 253 252>250 250>248, 252>224
BghiP 276 277 276>274 274>272, 276>275
BkF 252 253 252>250 250>248, 252>224
Chr 228 226 228>226 228>224, 228>202
DBahA 278 276 278>276 276>274, 278>274
Fin 166 165 166>165 166>164, 166>163
Flt 202 200 202>200 202>201

lcdP 276 277 276>274 274>272, 276>248
Naph 128 127 128>102 128>127

Phe 178 177 178>176 178>177, 178>151
Pyr 202 200 202>200 202>201
13C-Ant 184 183 184>183 184>182, 184>156
13C-BaA 234 232 234>232 234>206
13C-BaP 256 257 256>254 256>228
13C-BbF 258 259 258>256 258>255
13C-BghiP 288 289 288>286 288>287
13C-BkF 258 259 258>256 258>255
13C-Chr 234 232 234>232 234>206
13C-DBahA 284 282 284>282 284>280
13C-FIn 172 171 172>171 172>170
13C-Flt 208 205 208>206 208>207
13C-IcdP 282 283 282>280 282>281
13C-Naph 134 133 134>133 134>105
13C-Phe 184 183 184>183 184>156
13C-Pyr 205 203, 206, 208 205>203 205>204

maintenance to ensure adequate operation of the GC instrument.
Perform system checks.

(b) MS conditions.—Any GC/MS (single
quadrupole, triple quadrupole, TOF, or ion trap) with EI may
be used as long as it provides results meeting the laboratory

instrument

qualification requirements. The 10 study participants used
the following instruments: single quadrupole (Agilent 5973—
Laboratory 4; Agilent 5975B XL Inert-Laboratories 3 and
8-10; Agilent 5975C—Laboratories 6 and 7), triple quadrupole
(Agilent 7000B—Laboratory 5; Thermo TSQ-Laboratory 1),
and time-of-flight (Leco Pegasus 4D—Laboratory 2). Pay special
attention to the optimization of the MS transfer line and MS

source temperature. Higher MS source temperatures are
recommended (e.g., >280°C for Agilent sources) to provide
optimum analysis (quantitative transfers, minimum peak
tailing) for less volatile PAHs.

Table 2014.08H provides MS ions (m/z) and MS/MS
transitions used by the study participants for quantification and
identification of target PAHs and C-PAHSs using single-stage
MS (single quadrupole and TOF) and tandem MS/MS (triple
quadrupole) instruments, respectively.

Use adequate data acquisition rate (dwell times in scanning
instruments) and solvent delay time. Perform air/water
checks and autotune to verify and obtain adequate operation
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Table 2014.08l. PAH analytes and corresponding
3C-PAHSs used for PAH signal normalization

Analyte 3C-PAH used for signal normalization

Anthracene Anthracene (1306)

Benz[a]anthracene Benz[a]anthracene (1306)
Benzo[a]pyrene (1304)

Benzo[b]fluoranthene (1305)

Benzo[a]pyrene
Benzo[blfluoranthene
Benzo[g,h,i]perylene Benzo[g,h,i]perylene (13012)
Benzo[k]fluoranthene Benzo[k]fluoranthene (13C6)
Chrysene Chrysene (1306)
Dibenz[a,h]anthracene (13C6)

Fluoranthene (13C6)

Dibenz[a,h]anthracene
Fluoranthene
Fluorene (13C6)

Indeno[1,2,3-cd]pyrene (13C6)

Fluorene

Indeno[1,2,3-cd]pyrene

Naphthalene Naphthalene (*°Cg)
Phenanthrene Phenanthrene ("*Cy)
Pyrene Pyrene (*°Cq)

Naphthalene (13C6)
Phenanthrene (1305)
Phenanthrene (13C6)
Phenanthrene (1305)

Chrysene (**Cg)

1-Methylnaphthalene
2,6-Dimethylnaphthalene
1-Methylphenanthrene
1,7-Dimethylphenanthrene
3-Methylchrysene

of the instrument. Verify identification of the analyte peaks
by comparing the ion ratios of contemporaneously analyzed
calibration standards, which have been analyzed under the same
conditions.

(c) Injection sequence.—Bracket the seven test samples with
two sets of calibration standards. Inject solvent blanks after
the calibration level 8 (highest) standard and after the samples.
In addition, analyze a reagent blank with each set of samples.
Inject only once from each vial, thus preventing potential losses
of volatile PAHs and/or contamination.

H. Calculations

Quantification is based on linear least-squares calibration
of analyte signals (Spyy) divided by signals (S;3c.pan)
of corresponding BC-labeled internal standards (see
Table 2014.081) plotted versus analyte concentrations.
Peak areas are generally preferred as signals used for the
quantification, but peak heights should be used for peaks that
are not well resolved, such as in the case of anthracene and
phenanthrene. The analyte concentrations in the final extract
(Cpans 11g/L) are determined from the equation:

Cpan = [(Span/Si3c-pan) — bJ/a

where a is the slope of the calibration curve and b is the
y-intercept.

The concentration of PAHs in the sample (C, pug/kg) is then
calculated:

C = (Cpan /Ci3c-pan) * (Xizc-pan/M)

where Cj3cpay is the concentration of the corresponding
BC-PAH in the calibration standard solutions (in pg/L);

Xizc.pan 18 the amount of the corresponding BC-PAH added to
the sample (in ng); and m is the sample weight (in g). Based
on the method procedure and preparation of the calibration
standard solutions, Cy3c.pap 1S 50 pg/L, Xi3c.pan 18 50 ng, and m
for the test samples is 10 g.

In the collaborative study, eight concentration levels
were used for the calibration, corresponding to 5, 10, 20, 50,
100, 200, 500, and 1000 pg/L for benzo[a]pyrene and other
lower-level PAHSs, to 12.5, 25, 50, 125, 250, 500, 1250, and
2500 pg/L for higher-level PAHs, except for naphthalene
that was present at 25, 50, 100, 250, 500, 1000, 2500, and
5000 pg/L. Coefficients of determination (r2) should be 0.990
or greater and back-calculated concentrations of the calibration
standards should not exceed +20% of theoretical. For lower
concentration levels, a limited calibration curve (without
the higher-end concentration points) may be used for better
accuracy. If a well-characterized quadratic relationship occurs,
then a best-fitted quadratic curve may be used for calibration.
Otherwise, if the back-calculated concentrations exceed £20%
of theoretical, normalized signals of the nearest two calibration
standards that enclose the analyte signal in the sample can be
used to interpolate the analyte concentration in the final extract.

Results and Discussion

Laboratory Qualification Phase

The analysis of PAHs poses several difficulties due to their
physicochemical properties and occurrence in the environment
and various materials that can lead to contamination issues.
PAH properties, such as their volatility, polarity, and structure,
affect their GC separation, MS determination/identification,
and recoveries during solvent evaporation and silica SPE steps.
To allow for flexibility and the use of various instruments,
equipment, and columns, the Study Directors did not want to
prescribe the use of a specific GC/MS instrument, GC column
and separation conditions, silica SPE cartridge, and evaporation
technique, equipment, or conditions. For this reason, they
developed performance-based criteria for the GC/MS analysis
(including separation of critical PAH pairs/groups, calibration
range, or carryover), optimum elution volume in the SPE step
(based on the elution profiles of PAHs and fat dependent on
the silica deactivation), and evaporation conditions (to avoid
significant loses of volatile PAHs, mainly naphthalene).
These criteria were part of the laboratory qualification phase
to help laboratories optimize conditions independent of their
instrument/equipment choice or availability. This was also a
very important consideration for the future implementation of
the method in other laboratories.

Another essential step in the laboratory qualification
phase involved check of reagent blanks for potential PAH
contamination. The concentrations of all analytes in the
reagent blanks had to be below the concentrations in the lowest
calibration level standard. For naphthalene, levels below the
second lowest calibration standard (equivalent to 5 ng/g of
naphthalene in the sample) were still acceptable if the source of
contamination could not be eliminated, such as by selection of
a silica gel SPE column from a different vendor (or preparation
of silica gel columns in-house), heating of glassware, addition
of a hydrocarbon trap to the nitrogen lines used for solvent
evaporation, etc. Some laboratories found that their reagent
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Table 3. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
low PAH level in shrimp

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9
1,7-DMP  SFC $10 17.4 17.9 24.9 14.1 214 21.2 18.5 23.4 26.4
SFC S11 23.2 25.6 27.0 14.2 214 20.8 23.1 23.1 27.4
1-MN SFC S10 44.8 33.3 235 17.9 23.6 22.1 17.8 18.6 20.5
SFC S11 24.6 18.0 25.4 19.6 26.4 20.2 22.3 19.3 17.5
1-MP SFC $10 9.1 8.4 10.4 75 9.9 10.7 8.8 9.8 1.5
SFC S11 10.7 10.5 12.3 75 9.8 10.4 1.2 9.3 11.9
2,6-DMN  SFC S10 32.0° 16.8 17.4 214 14.8 13.7 13.1 13.1 14.8
SFC S11 35.3 15.4 16.7 20.1 14.2 14.0 16.7 13.0 13.9
6-MC SFC S10 7.8 1.6 12,5 10.9 10.6 10.8 9.7 11.9 1.8
SFC S11 8.4 10.8 13.6 1.0 10.6 10.7 1.9 12.4 1.9
Ant SFC S10 3.8 5.2 5.6 47 47 5.1 4.0 5.0 5.2
SFC S11 4.6 5.2 5.9 47 47 5.0 5.1 5.1 5.0
BaA SFC S10 3.9 5.5 4.6 47 46 47 42 5.1 4.9
SFC S11 4.1 5.2 5.5 47 46 46 52 5.2 4.9
BaP SFC S10 1.4 2.2 2.0 1.9 1.8 1.9 1.7 2.2 1.9
SFC S11 1.6 2.0 2.2 1.9 1.8 1.9 2.1 22 1.9
BbF SFC S10 37 52 5.1 4.8 4.6 47 43 5.1 47
SFC S11 43 5.4 5.8 4.8 45 4.7 5.2 5.1 5.0
BghiP SFC S10 1.4 2.2 1.9 1.9 1.8 1.9 1.7 2.0 2.7%
SFC S11 1.6 2.1 22 1.9 1.8 1.9 2.0 2.0 3.5°
BkF SFC $10 1.4 23 22 2.0 1.9 17 1.8 22 2.0
SFC S11 1.6 22 23 2.0 1.9 1.6 2.3 2.2 2.0
Chr SFC S10 12.3 17.6 15.5 14.9 14.2 147 13.2% 15.7 15.9
SFC S11 13.1 16.8 16.9 15.0 14.3 145 16.2% 16.3 16.0
DBahA SFC S10 1.3 2.1 22 2.0 1.8 2.0 1.7 2.1 23
SFC S11 1.6 2.0 1.9 1.9 1.7 1.9 2.2 2.2 1.6
Fin SFC S10 4.3 5.3 5.5 4.9 4.8 5.0 4.2° 5.6 6.0
SFC S11 43 5.4 5.6 4.9 4.8 5.0 5.2° 5.4 5.9
Fit SFC S10 7.2 10.6 9.8 9.6 9.2 9.5 8.5 10.6 10.8
SFC S11 8.2 10.7 10.7 9.7 9.2 9.5 10.4 10.6 10.1
lcdP SFC S10 1.4 22 1.9 2.0 1.7 2.0 1.7 2.3 2.1
SFC S11 1.6 2.1 2.0 2.0 1.7 2.0 2.1 2.3 2.1
Naph SFC S10 35.8 29.6 28.9 26.0 27.3 26.1 23.3 28.1 33.9%
SFC S11 27.1 26.2 27.7 26.3 27.1 24.7 29.5 29.0 42.5°
Phe SFC S10 12.2 16.1 14.4 14.7 15.0 14.9 12.7° 15.6 16.2
SFC S11 13.2 16.3 16.1 14.6 14.9 15.2 15.9° 15.5 16.4
Pyr SFC S10 12.0 16.0 14.4 14.8 14.2 14.6 12.6 15.6 16.0
SFC S11 12.8 15.8 16.6 14.9 14.2 14.4 15.7 15.7 15.7

& Qutliers removed by the Cochran test.

Outliers removed by single Grubbs’ test.
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Table 4. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
mid PAH level in shrimp

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9
1,7-DMP SFC S9 28.6 17.4 26.2 14.9 21.6 21.0 20.3 23.9 25.1
SFC S14 27.9 23.8 28.4 14.9 23.3 21.1 224 21.8 26.6
1-MN SFC S9 84.6 1M1.5 89.1 59.8 83.7 70.1 72.8 75.4 56.9
SFC S14 99.7 101.4 101.7 66.1 85.9 74.9 81.9 83.3 67.6
1-MP SFC S9 26.8 17.8 20.6 18.6 24.5 24.7 23.7 26.1 27.1
SFC S14 26.6 23.9 30.8 18.5 25.6 25.0 26.5 29.2 24.2
2,6-DMN SFC S9 80.0° 46.5 40.8 40.3 38.5 33.4 38.1 31.3 23.4
SFC S14 102.12 432 42.9 51.7 37.8 31.7 423 27.0 36.8
6-MC SFC S9 27.0 33.9 37.2 30.0 30.9 30.5 30.7 375 33.6
SFC S14 24.5 33.0 38.7 30.2 31.3 30.8 33.6 32.0 33.2
Ant SFC S9 9.2 10.8 13.4 9.4 9.8 9.8 9.3 1.1 1.8
SFC S14 8.3 10.4 15.2 9.5 9.8 9.7 10.8 12.2 10.0
BaA SFC S9 13.3 17.0 16.2 14.3 14.4 14.0 14.1 17.0 15.4
SFC S14 12.4 16.2 15.5 14.3 14.6 14.2 15.6 15.2 15.9
BaP SFC S9 45 5.7 5.1 4.9 4.7 4.7 4.7 45 55
SFC S14 3.9 5.2 5.9 4.9 47 47 5.1 5.3 5.0
BbF SFC S9 8.8 10.8 10.6 9.8 9.3 9.2 9.4 10.2 10.1
SFC S14 8.8 10.5 1.1 9.7 9.4 9.4 10.1 10.0 9.5
BghiP SFC S9 4.6 5.6 5.8 4.9 4.6 4.7 4.6 45 11.5°
SFC S14 43 5.3 5.9 4.8 46 4.8 49 5.1 25°
BkF SFC S9 7.9 8.6 9.5 7.7 7.7 8.0 7.6 7.6 8.5
SFC S14 6.5 8.6 9.6 8.0 7.7 8.1 8.3 8.2 8.3
Chr SFC S9 46.8 52.4 55.8 48.4 48.2 47.7 47.8 57.6 54.7
SFC S14 428 50.2 57.8 48.5 49.1 48.1 52.3 51.4 53.1
DBahA SFC S9 4.2 6.1 5.1 5.0 4.8 4.9 47 6.0 4.3
SFC S14 4.0 5.3 5.7 5.0 4.8 5.0 5.2 5.4 49
Fin SFC S9 14.8 15.8 16.6 14.4 14.6 14.8 14.0 16.9 17.0
SFC S14 13.3 15.7 17.2 14.6 14.7 14.4 15.5 15.4 16.4
Fit SFC S9 21.7 26.6 27.5 24.6 23.8 235 23.4 26.7 29.1
SFC S14 19.9 26.7 28.9 24.6 24.0 23.2 26.7 25.6 25.0
ledP SFC S9 4.4 57 45 5.0 4.8 5.3 4.8 5.1 6.7
SFC S14 4.1 5.4 55 5.0 4.8 5.1 5.2 5.4 5.1
Naph SFC S9 86.2 88.1 86.8 75.9 80.2 71.9 79.4 75.3 90.1
SFC S14 104.3 86.4 90.6 73.6 80.6 76.2 90.2 80.2 97.8
Phe SFC S9 46.8 50.9 54.2 476 48.9 47.9 46.5 487 51.3
SFC S14 447 50.3 56.2 47.8 50.0 47.4 51.3 50.7 53.5
Pyr SFC S9 36.5 41.8 45.3 39.3 39.2 38.6 38.2 38.8 436
SFC S14 32.6 42.0 46.6 39.4 39.7 38.5 423 415 42.1

2 Outliers removed by the Cochran test.

®  Qutliers removed by single Grubbs’ test.
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Table 5. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
high PAH level in shrimp

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9
1,7-DMP SFC S8 26.5 19.3 21.1 16.2 20.0 19.9 16.1 23.0 28.2
SFC $13 324 17.9 222 16.9 21.2 20.7 20.4 21.7 26.2
1-MN SFC S8 318.7 195.9 243.8 145.0 202.9 197.9 146.0 236.8 105.8
SFC S13 307.7 180.7 241.9 179.9 213.2 208.7 177.5 205.6 149.7
1-MP SFC S8 122.8 103.8 122.0 102.3 120.8 115.2 92.3 125.8 150.3
SFC S13 123.3 104.4 124.5 101.4 1215 118.7 114.6 141.7 143.1
2,6-DMN SFC S8 311.3% 148.1 167.6 128.2% 148.2 154.2 128.7 134.4 153.8
SFC $13 706.5° 101.8 183.3 275.1% 166.9 144.4 155.3 130.4 136.0
6-MC SFC S8 127.0 162.0 154.6 140.1 141.3 138.3 115.6 145.4 164.3
SFC S13 126.7 149.8 152.3 151.5 142.6 143.9 137.8 166.5 153.4
Ant SFC S8 35.8 424 47.1 37.6 37.7 36.7 28.6 40.6 446
SFC S13 35.0 39.4 40.6 36.1 37.8 37.6 34.9 44.0 44.4
BaA SFC S8 54.8 65.7 57.9 55.0 55.4 53.1 44.3 58.6 64.7
SFC $13 52.5 63.3 55.5 54.0 55.0 55.1 53.1 60.2 61.0
BaP SFC S8 22.9 25.1 25.0 22.9 22.8 22.1 18.8 23.9 26.0°
SFC S13 21.9 24.3 23.9 22.0 22.7 23.2 22.3 25.3 37.8%
BbF SFC S8 67.6 83.4 74.2 70.0 69.6 68.8 57.0 72.1 82.9
SFC S13 70.4 73.4 69.6 67.6 69.0 70.5 67.4 76.5 79.1
BghiP SFC S8 17.2 20.5 19.7 17.8 17.5 17.5 14.4 18.6 52.0°
SFC $13 18.0 18.3 18.8 17.4 17.4 18.3 17.2 19.9 15.8°
BkF SFC S8 37.4 41.9 41.4 35.9 38.2 37.3 30.7 385 414
SFC S13 36.3 39.4 39.6 37.3 37.2 39.1 36.3 416 40.1
Chr SFC S8 160.8 186.8 174.4 164.4 164.0 159.7 131.8 167.6 194.0
SFC S13 155.1 175.0 165.3 161.1 163.6 164.4 157.3 186.2 181.5
DBahA SFC S8 12.8 16.2 14.5 14.3 13.5 13.0 1.3 14.3 13.6
SFC $13 12.4 14.4 13.3 13.4 13.4 13.4 13.6 15.5 15.1
Fin SFC S8 485 53.2 486 46.2 46.5 46.2 35.6 47.8 52.7
SFC S13 457 50.9 458 46.5 46.3 46.8 42.9 49.9 52.0
Fit SFC S8 86.3 103.6 96.7 92.8 92.1 87.9 72.1 96.0 11.4
SFC S13 89.6 96.8 96.0 92.2 92.6 90.8 87.4 103.2 102.9
lcdP SFC S8 17.3 20.9 18.6 18.2 17.5 17.6 14.4 19.1 22.9
SFC $13 17.0 19.7 17.3 17.7 18.0 17.9 16.9 20.5 20.1
Naph SFC S8 244.7 137.6 174.1 143.1 147.9 147.2 112.0 166.8 260.0%
SFC S13 218.7 129.4 166.1 141.6 149.4 148.9 137.6 173.7 184.9%
Phe SFC S8 155.7 186.0 166.5 165.2 165.1 162.3 126.0 171.2 201.3
SFC S13 153.8 176.9 173.8 164.2 169.0 165.8 153.7 183.0 185.2
Pyr SFC S8 109.3 125.9 122.7 117.6 115.6 113.6 91.3% 119.9 123.2
SFC S13 106.4 123.6 118.3 116.3 115.3 116.4 110.4% 128.6 127.4

& Outliers removed by Cochran test.
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Table 6. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
low PAH level in mussel

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9 10
1,7-DMP SFC M1 40.8 415 44.4 23.9 454 39.2 40.9 445 30.9 37.9
SFC M6 18.2 47.1 51.3 25.9 44.4 38.9 432 438 29.0 31.6
1-MN SFC M1 17.0 21.2 23.2 10.4 19.1 175 22.1 24.6 16.2 16.0
SFC M6 27.9 16.5 27.6 12.6 18.9 18.8 21.2 20.2 16.8 18.6
1-MP SFC M1 33.7° 8.3 9.9 5.7 10.4 9.6 10.4 10.8 9.5 13.1
SFC M6 18.0% 8.0 10.7 6.6 10.1 10.1 10.9 1.0 10.6 10.8
2,6-DMN SFC M1 21.8 9.5 13.8 12.3 14.8 1.7 13.4 14.5 1.8 12.0
SFC M6 17.8 10.8 14.6 16.5 14.8 12.4 1.9 15.7 1.0 14.6
3-MC SFC M1 6.4 10.4 10.5 8.0 10.2 10.6 1.0 10.9 8.9 1.4
SFC M6 6.1 8.1 1.3 10.2 10.0 10.8 1.1 10.8 8.8 1.8
Ant SFC M1 49 4.4 3.1 1.2 23 5.0 47 49 3.8 49
SFC M6 4.6 3.6 3.6 1.5 2.3 5.0 4.8 5.2 3.6 45
BaA SFC M1 3.9 47 4.0 25 4.1 46 46 47 3.9 52
SFC M6 42 4.0 49 3.1 4.1 45 47 45 3.8 5.1
BaP SFC M1 1.3 2.1 1.8 1.0 1.3 0.1° 1.8 1.9 15 16
SFC M6 1.4 2.0 1.9 1.2 1.2 0.1° 1.8 1.8 1.3 1.6
BbF SFC M1 44 5.3 4.8 3.9 4.8 49 4.8 4.8 4.0 5.6
SFC M6 4.7 43 5.1 4.7 4.7 43 4.8 47 4.1 5.7
BghiP SFC M1 1.8 2.3% 2.0 17 2.0 2.0 2.0 2.1 1.7 2.3
SFC M6 1.7 1.7% 22 2.0 1.9 2.0 22 1.9 1.7 23
BkF SFC M1 1.8 1.8 22 1.6 2.0 1.8 1.9 2.1 47.0° 25
SFC M6 1.8 1.9 2.1 2.0 1.9 2.0 1.8 2.0 1.6% 2.1
Chr SFC M1 12.7 14.5 14.3 1.7 14.6 14.4 14.3 14.9 12.9 16.9
SFC M6 13.2 12.3 15.3 14.2 14.3 14.4 14.4 14.0 12.9 17.0
DBahA SFC M1 1.7 22 2.0 15 1.8 1.9 1.9 1.9 2.1 22
SFC M6 1.7 1.7 1.9 1.7 1.8 1.8 1.9 1.8 1.6 22
Fin SFC M1 5.3 6.2 5.6 55 5.1 5.1 5.0 5.1 45 6.2
SFC M6 5.2 6.4 5.7 6.1 5.0 5.3 4.8 52 46 5.9
Fit SFC M1 8.9 10.1 9.9 19.5" 10.0 12.4 9.6 10.2 10.8 12.0
SFC M6 11.0 8.1 10.9 20.7° 9.7 12,5 9.8 9.8 75 1.2
lcdP SFC M1 1.8 2.4 1.9 1.6 2.0 1.9 1.9 2.0 1.9 23
SFC M6 1.6 1.9 2.1 1.9 2.0 2.0 2.0 1.9 1.7 24
Naph SFC M1 20.3% 27.6 26.7 20.2 23.1 20.2 26.2 26.4 23.8 14.8
SFC M6 36.0° 28.9 30.6 18.7 23.3 20.9 26.5 23.2 23.9 20.8
Phe SFC M1 15.8 27.5° 14.2 12.7 15.2 14.2 14.5 15.3 14.1 21.2°
SFC M6 13.9 26.7° 15.6 14.3 14.9 14.5 14.8 15.4 12.9 17.5°
Pyr SFC M1 14.9 14.4 14.7 11.8 14.5 13.7 14.1 14.7 13.0 16.8
SFC M6 14.2 1.9 15.4 13.2 14.2 14.0 14.4 14.0 12.9 16.8

2 Outliers removed by the Cochran test.

®  Qutliers removed by single Grubbs’ test.
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Table 7. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
mid PAH level in mussel

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9 10
1,7-DMP SFC M3 5.7% 48.0 459 27.4 46.1 40.5 42.9 43.8 28.2 36.6
SFC M5 39.0% 38.5 417 31.0 441 38.9 42.1 57.2 28.8 28.1
1-MN SFC M3 79.1 92.7 136.2 97.2 95.5 90.3 105.4 110.0 103.5 72.1
SFC M5 78.2 105.0 17.3 87.2 97.2 103.0 109.8 119.5 87.4 50.7
1-MP SFC M3 60.2% 55.2 54.3 32.2 52.2 47.1 50.6 50.5 315 50.9
SFC M5 870.8% 417 48.0 30.1 49.1 449 51.0 63.2 31.7 40.3
2,6-DMN SFC M3 21.5% 64.6 69.5 92.3 79.9 63.1 57.6 62.3 43.0 71.7%
SFC M5 59.2% 63.6 62.1 85.7 74.9 59.4 61.7 64.0 433 92.5%
3-MC SFC M3 70.3 81.5 101.6 80.7 93.8 93.4 93.3 91.4 78.6 98.9
SFC M5 69.8 86.6 95.8 70.4 87.4 90.3 95.4 97.3 69.5 96.9
Ant SFC M3 225 17.5 16.5 7.1 8.2 16.5 145 13.8 12.3 13.5
SFC M5 14.9 13.6 14.4 11.0 6.6 13.7 14.8 15.2 10.8 14.7
BaA SFC M3 22.3 21.0 24.8 18.4 215 23.2 22.7 22.3 19.6 23.9
SFC M5 222 21.3 23.1 16.3 18.8 21.7 23.3 22.3 17.1 235
BaP SFC M3 7.4 9.1 10.0 6.6 6.8 1.1° 9.2 9.8 7.7 8.4
SFC M5 7.6 8.5 8.8 5.6 5.9 1.1° 9.4 9.9 6.4 7.8
BbF SFC M3 28.2 27.3 29.2 24.0 28.9 31.6 27.9 27.6 24.3 29.9
SFC M5 28.3 27.3 27.1 21.0 26.9 25.0 28.4 26.9 21.3 29.8
BghiP SFC M3 8.8 9.1 10.8 8.1 9.5 9.8 10.0 9.7 75 1.0
SFC M5 9.5 9.0 9.8 7.1 8.9 9.3 10.1 9.3 7.3 10.8
BkF SFC M3 18.7 18.1 22.0 15.2 19.5 21.0 19.3 19.2 16.1 21.9
SFC M5 18.8 18.3 20.0 14.0 18.2 17.2 19.0 18.9 13.9 21.4
Chr SFC M3 92.7 86.1 100.8 79.7 98.0 95.2 93.2 92.0 86.0 105.2
SFC M5 94.5 91.3 94.0 70.8 91.4 91.7 94.9 955 76.0 102.0
DBahA SFC M3 8.8 9.4 9.7 8.0 9.4 9.9 9.6 9.5 6.3 1.0
SFC M5 8.5 9.2 8.9 7.1 8.8 8.9 10.0 9.5 75 1.2
Fin SFC M3 24.8 25.0 26.8 29.2 25.2 24.9 24.5 24.5 23.9 285
SFC M5 24.3 25.6 25.1 29.6 23.6 24.1 25.1 26.0 21.9 26.5
Fit SFC M3 47.8 455 497 46.6 50.8 55.3 48.1 48.2 39.2 55.6
SFC M5 53.7 476 46.8 42.1 47.2 54.5 49.0 49.5 46.6 53.3
lcdP SFC M3 9.0 9.6 10.1 8.1 9.7 10.1 9.5 9.7 8.6 1.3
SFC M5 9.5 9.3 9.8 7.2 9.1 9.2 9.9 9.5 6.9 1.4
Naph SFC M3 91.8 125.4 134.8 84.0 104.1 97.1 124.2 129.6 123.9 71.7
SFC M5 84.6 122.2 127.8 65.1 107.7 114.8 124.8 135.3 109.7 40.0
Phe SFC M3 92.1 206.3" 102.0 81.9 102.1 93.7 95.1 94.3% 84.3 98.8
SFC M5 97.1 191.3° 93.9 76.3 96.2 90.5 96.6 119.2% 82.5 107.0
Pyr SFC M3 79.2 71.9 80.3 62.0 75.6 71.2 72.4 72.2 64.2 80.2
SFC M5 75.4 74.6 75.8 55.5 70.4 69.3 73.3 72.0 58.2 76.7

2 Outliers removed by the Cochran test.

®  Qutliers removed by single Grubbs’ test.
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Table 8. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
high PAH level in mussel

Laboratory No.
PAH Sample ID 1 2 3 4 5 6 7 8 9 10
1,7-DMP SFC M2 34.5 39.8 41.4 26.1 44.7 40.4 46.8 43.6 30.2 37.6
SFC M7 224 34.0 422 26.5 47.0 39.3 48.5 56.7 30.7 45.8
1-MN SFC M2 183.7 222.9% 211.8 199.1 193.9 195.7 196.9 190.0 206.8 387.8"
SFC M7 274.7 459.3% 218.8 2415 198.7 208.8 199.6 220.5 199.4 62.0°
1-MP SFC M2 431.7° 113.4 122.8 81.6 128.5 115.8 135.8 123.1 79.6 125.9
SFC M7 1752.2° 102.7 129.2 81.9 133.2 112.6 137.7 146.5 79.7 159.3
2,6-DMN SFC M2 139.5 128.0 138.5 214.2 177.8 143.4 142.1 161.2 98.7 184.6
SFC M7 121.6 135.2 158.1 244.0 187.9 141.7 149.4 144.7 94.2 171.3
3-MC SFC M2 100.6 133.6 147.7 127.2 146.5 146.7 150.4 138.0 127.4 149.4
SFC M7 103.5 130.3 156.7 128.4 151.9 144.9 151.9 145.6 121.6 157.7
Ant SFC M2 35.3 44.7° 39.9 19.9 20.9 37.7 37.1 33.2 31.2 29.0
SFC M7 31.7 33.9" 42.8 16.3 20.3 38.9 375 33.7 31.7 29.9
BaA SFC M2 51.1 49.3 52.2 43.4° 49.9 53.3 54.9 50.0 47.7% 54.1
SFC M7 52.0 50.7 55.0 41.7° 51.2 52.9 55.8 53.3 476.3° 56.1
BaP SFC M2 19.1 19.8 223 15.6 16.6 3.0% 22.4 22.4 19.8 17.6
SFC M7 18.3 19.4 229 15.1 17.0 3.0% 226 20.8 18.5 17.5
BbF SFC M2 74.8 68.2 65.5 59.0 71.1 74.8 70.4 66.6 62.7 71.9
SFC M7 71.8 67.2 68.5 58.8 74.1 77.2 71.2 69.5 60.3 78.1
BghiP SFC M2 18.2 18.0 18.2 15.1 17.9 18.3 18.9 17.4 16.3 19.5
SFC M7 18.8 17.6 19.7 14.9 18.7 18.0 19.3 18.4 15.2 20.3
BkF SFC M2 38.8 33.8 38.8 30.8 37.3 36.3 38.3 36.9 30.5 417
SFC M7 37.9 35.0 37.8 30.6 37.9 39.5 38.2 37.7 30.4 43.8
Chr SFC M2 159.8 158.5 153.2 137.7 166.6 163.9 164.1 152.1 150.9 174.8
SFC M7 166.8 152.4 165.9 139.2 172.3 161.0 165.6 161.0 145.3 184.1
DBahA SFC M2 13.7 13.7 13.6 12.1 13.7 13.3 14.8 13.2 13.2 15.0
SFC M7 13.9 13.0 14.5 10.6 14.3 13.2 14.8 14.0 12.3 15.4
Fin SFC M2 50.2 49.0 458 59.2% 475 47.0 47.3 46.0 49.4 50.7
SFC M7 49.8 49.1 49.8 59.4% 48.0 46.6 48.4 43.0 451 53.0
Flt SFC M2 92.6 88.7 86.7 66.5% 96.2 96.5 93.4 89.7 93.1 100.2
SFC M7 104.7 88.4 93.6 63.4% 98.1 93.7 94.7 84.1 79.6 104.3
lcdP SFC M2 17.8 18.3 17.2 15.5 18.7 18.6 18.4 17.3 16.7 19.0
SFC M7 17.0 16.6 18.7 15.3 19.7 19.3 18.5 18.3 15.2 21.3
Naph SFC M2 125.2° 149.8 143.7 108.7 134.0 138.5 159.5 165.5 164.9 246.4°
SFC M7 197.9° 160.7 160.0 104.6 141.0 144.4 159.0 165.6 146.5 34.3°
Phe SFC M2 159.7 452.2° 159.4 142.5 173.2 161.0 166.2 162.4 143.6 164.0°
SFC M7 178.0 366.3" 170.3 142.9 177.6 159.0 169.8 167.6 139.0 200.9°
Pyr SFC M2 133.5 119.2 114.3 102.2 119.8 114.8 118.6 108.3 104.4 124.3
SFC M7 123.0 117.5 122.6 102.9 125.1 113.3 120.1 119.2 97.4 128.6

& Outliers removed by the Cochran test.

®  Qutliers removed by single Grubbs’ test.
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Table 9. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
low PAH level in oyster

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9
1,7-DMP SFC 02 30.7% 85.4 74.9 52.1 69.6 52.7 79.5 76.4 73.9
SFC 04 74.6% 85.7 80.1 58.6 82.0 56.1 76.2 81.5 72.1
1-MN SFC 02 68.1 61.7% 81.6 51.7 59.4 71.7 82.0 76.2 38.0
SFC 04 64.2 299.8° 90.5 56.7 69.1 75.2 81.5 73.7 46.5
1-MP SFC 02 4512 36.7° 21.8 12.1 19.9 18.0 25.0 24.6 12.9
SFC 04 103.12 22.5° 24.4 14.3 23.2 19.2 24.9 25.0 17.5
2,6-DMN SFC 02 88.8% 29.9 30.5 61.9% 30.3 23.8 36.0 30.7 24.7
SFC 04 231.7° 28.6 35.8 30.2° 36.9 26.1 35.6 36.4 213
3-MC SFC 02 24.6 29.7 34.2 21.1 25.0 27.5 30.4 28.1 23.0
SFC 04 27.4 27.0 34.6 24.6 29.2 28.0 30.6 29.4 252
Ant SFC 02 4.0° 6.2 75 2.3 14 5.4 9.1 47 b
SFC 04 9.8% 6.6 8.8 1.3 15 55 8.9 5.1 10.4°
BaA SFC 02 9.8 12.7 12.6 5.6 8.6 1.1 135 1.3 9.5
SFC 04 10.9 1.7 13.4 8.1 9.5 1.6 13.4 12.0 10.8
BaP SFC 02 15 43 2.7 1.4 15 1.2 4.3 2.6 2.3
SFC 04 1.8 3.3 3.0 1.8 1.7 1.4 43 2.8 2.8
BbF SFC 02 7.3 10.0 8.8 6.6 77 8.9 9.3 8.8 7.4
SFC 04 8.0 9.3 9.5 7.6 9.2 9.8 9.3 9.2 7.9
BghiP SFC 02 3.3 4.7 4.4 3.2 3.6 4.0 47 4.2 4.0
SFC 04 3.8 45 47 3.6 42 42 47 43 3.9
BkF SFC 02 5.4 8.0 8.2 5.1 6.1 7.2 7.4 6.8 5.3
SFC 04 6.4 7.4 9.1 5.9 7.3 7.8 7.3 7.4 5.8
Chr SFC 02 39.8 46.7 45.9 32.7 39.2 437 46.2 424 37.0
SFC 04 44.9 44.9 48.5 38.2 46.6 44.8 46.0 455 40.3
DBahA SFC 02 3.4 5.2 4.1 3.1 37 4.0 4.8 42 47
SFC 04 3.8 43 43 3.6 4.4 4.1 47 4.4 3.8
Fin SFC 02 1.4 13.1 14.6 8.1 10.6 10.3 14.1 12.8 12.2
SFC 04 12.4 14.6 14.6 10.4 12.4 10.9 13.9 14.0 14.5
Fit SFC 02 222 23.2 23.2 19.5 19.4 26.5 22.9 21.0 16.2
SFC 04 24.5 22.3 25.1 13.5 23.0 28.2 235 226 19.8
lcdP SFC 02 3.4 5.0 45 3.3 37 4.3 47 4.3 4.8
SFC 04 4.0 45 5.0 37 4.4 5.4 4.6 4.4 4.2
Naph SFC 02 64.1 67.4 79.8 61.6 59.3 71.1 79.2 74.2 74.4
SFC 04 49.1 81.0 79.7 63.7 62.8 72.8 76.5 80.8 79.6
Phe SFC 02 35.0 476 44.2 40.7 30.6 33.7 46.0 435 38.8
SFC 04 37.9 47.7 49.1 36.8 47.2 36.7 45.4 46.4 32,6
Pyr SFC 02 33.3 34.6 36.6 26.0 30.3 32.8 37.6 33.8 30.0
SFC 04 34.8 36.6 39.0 30.1 36.5 34.3 37.1 35.8 33.3

2 Outliers removed by the Cochran test.

®  Removed due to the reported integration issues.
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Table 10. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
mid PAH level in oyster

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9
1,7-DMP SFC O1 96.8% 81.8 69.8 40.2 63.5 56.5 75.6 74.5 78.2
SFC 07 31.3% 80.0 82.6 475 71.7 61.6 76.9 73.7 69.8
1-MN SFC O1 84.8 86.4 109.9 355 75.9 96.1 107.4 102.2 454
SFC 07 79.3 116.3 152.8 104.4 77.8 100.9 101.2 111.3 46.0
1-MP SFC 01 500.3% 40.9 454 24.2 37.8 37.2 47.0 485 30.5
SFC 07 91.8% 447 487 31.1 42.3 37.3 442 46.9 31.3
2,6-DMN SFC O1 573.4% 71.6 54.5 14.6° 53.0 46.2 64.0 63.9 50.9
SFC 07 179.12 84.1 56.2 93.4° 58.4 49.1 58.3 54.9 452
3-MC SFC O1 73.9 89.6 94.0 57.5 72.3 83.8 88.7 83.2 67.5
SFC 07 75.8 79.1 98.6 74.5 74.8 82.3 83.9 86.6 69.8
Ant SFC 01 21.9% 11.0 1.9 1.7 15 8.5 13.7 6.2 11.0°
SFC 07 6.4 9.4 13.0 1.8 0.5 7.2 12.6 6.6 24.8°
BaA SFC O1 15.6 20.6 19.6 10.3 12.9 19.3 21.9 18.5 15.4
SFC 07 15.3 19.6 21.1 12.8 1.4 18.4 20.3 19.0 16.9
BaP SFC O1 3.4 7.0 5.7 27 2.8 3.1 9.0 47 5.6
SFC 07 2.9 5.7 6.3 3.2 3.0 2.7 8.2 5.0 5.8
BbF SFC 01 21.3 28.7 26.1 18.5 22.8 28.3 27.0 24.7 214
SFC 07 23.2 26.1 27.4 23.9 23.6 25.9 25.0 25.9 22.1
BghiP SFC O1 6.5 9.8 8.6 5.9 7.3 8.8 9.4 8.7 8.8
SFC 07 6.7 8.2 9.4 7.7 75 8.5 9.0 9.0 75
BkF SFC O1 13.9 19.8 19.6 12.2 15.1 19.0 18.1 17.2 14.0
SFC 07 14.2 18.4 19.9 15.9 16.0 21.0 17.1 17.7 14.3
Chr SFC O1 75.1 93.0 87.7 61.2 74.7 87.9 89.8 85.8 71.7
SFC 07 75.4 84.6 93.1 78.3 79.2 86.4 83.8 87.1 73.5
DBahA SFC O1 6.9 10.4 8.6 6.2 7.3 8.5 9.5 8.7 11.3°
SFC 07 7.0 8.5 9.2 7.4 75 8.3 8.9 8.6 7.3
Fin SFC O1 18.1 25.1 225 14.6 16.8 18.0 23.2 215 19.7
SFC 07 17.8 23.1 24.2 18.2 18.7 18.0 21.7 214 22.4
Fit SFC 01 42.0 46.5 44.4 23.0 374 58.4 475 424 33.0
SFC 07 40.6 43.1 47.2 40.0 40.5 47.2 42.8 45.4 34.0
lcdP SFC 01 6.9 9.9 9.0 6.1 6.9 9.1 9.4 8.8 9.7
SFC 07 6.9 8.8 9.5 7.8 77 8.2 8.7 8.9 7.8
Naph SFC O1 89.8 118.9 110.0 77.4 87.6 112.1 17.3 115.8 113.6
SFC 07 82.6 112.8 125.0 101.6 88.4 113.9 110.2 17.7 116.4
Phe SFC O1 65.0 96.6 87.5 58.3 76.0 71.8 89.9 89.1 75.3
SFC 07 68.1 87.2 93.6 77.9 84.0 72.0 83.8 88.3 81.7
Pyr SFC O1 59.2 71.1 68.8 45.2° 55.2 64.9 69.3 64.6 56.2
SFC 07 57.8 65.9 70.5 59.12 59.4 62.8 64.6 63.6 57.9

@ Outliers removed by the Cochran test.

®  Removed due to the reported integration issues.
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Table 11. Collaborative study results (in pg/kg) obtained by the participating laboratories in blind duplicates fortified at the
high PAH level in oyster

Laboratory No.

PAH Sample ID 1 2 3 4 5 6 7 8 9
1,7-DMP SFC 05 136.0° 56.6 66.6 38.2 65.5 54.5 78.4 72.0 75.8
SFC 06 16.4% 53.3 66.8 53.7 68.3 56.5 84.9 85.3 73.2
1-MN SFC 05 296.9 289.7 289.0 214.7 182.5 2225 275.3 309.5 125.4
SFC 06 212.6 280.2 285.0 231.3 194.8 218.6 253.2 243.9 134.3
1-MP SFC 05 4082.3% 121.1 173.3 108.1 148.6 138.2 184.2 185.9 103.7
SFC 06 219.8% 130.0 184.0 150.7 160.5 130.8 203.2 217.5 135.1
2,6-DMN SFC 05 2790.3% 190.4 154.6 339.2° 164.7 134.1 179.9 145.3 130.8
SFC 06 331.7% 187.9 167.7 541.4° 168.9 127.6 173.9 159.6 173.0
3-MC SFC 05 191.0 180.2 218.1 146.1 172.2 195.0 215.8 215.8 184.4
SFC 06 214.7 199.9 233.3 165.6 185.1 194.0 226.0 217.2 187.6
Ant SFC 05 59.3% 35.3 39.8 14.9° 9.1 26.8 52.1 30.0 12.0°
SFC 06 136.2% 411 473 41.4° 10.3 29.0 54.7 32.1 44.1°
BaA SFC 05 66.3 67.8 80.4 471 55.0 716 87.3 785 71.7
SFC 06 74.8 79.2 82.3 50.0 60.7 71.9 91.1 80.8 72.4
BaP SFC 05 16.9 255 32.0 14.7 14.8 12.7 424 25.8 28.4
SFC 06 20.2 28.4 33.9 16.8 17.4 1.7 438 27.0 31.0
BbF SFC 05 75.1 76.8 85.2 62.9 74.8 98.2 87.4 87.0 79.6
SFC 06 78.2 86.3 87.9 70.4 78.8 101.7 91.6 88.7 79.5
BghiP SFC 05 17.4 18.5 21.7 14.9 17.2 19.7 22.4 20.6 19.0
SFC 06 19.0 212 222 16.5 18.6 19.8 235 20.9 19.8
BkF SFC 05 55.5 59.2 65.7 46.9 54.2 71.3 67.3 66.5 60.5
SFC 06 59.7 69.6 69.9 52.5 58.3 78.7 70.4 66.7 58.4
Chr SFC 05 197.8 191.9 214.9 157.9 183.2 207.8 220.3 218.3 199.0
SFC 06 214.2 210.7 226.5 176.6 194.5 207.2 2314 219.4 201.5
DBahA SFC 05 15.0 15.8 19.2 12.0 13.8 14.8 18.3 16.5 15.4
SFC 06 16.2 17.4 18.4 13.4 15.0 15.5 19.2 16.8 15.3
Fin SFC 05 51.0 63.5 61.1 36.9 48.3 48.8 66.4 62.0 70.8
SFC 06 55.5 68.0 65.2 36.2 497 46.3 69.0 57.4 70.5
Flt SFC 05 1325 121.3 124.8 76.4 106.9 136.5 1315 129.9 102.6
SFC 06 127.3 135.3 130.6 92.8 113.9 126.6 137.8 131.5 115.1
IcdP SFC 05 18.1 19.1 224 15.4 18.1 20.1 21.8 216 18.8
SFC 06 19.5 214 223 17.1 19.2 22.0 23.1 216 19.2
Naph SFC 05 214.6° 201.4 205.5 146.5 157.7 180.5 209.7 213.3 238.0
SFC 06 171.12 215.4 210.1 146.2 158.2 175.8 215.3 207.8 221.1
Phe SFC 05 137.6° 208.6 203.1 1927 183.8 168.7 2225 224.5 196.8
SFC 06 214.4* 227.0 217.7 189.6 194.1 158.2 232.7 222.1 220.4
Pyr SFC 05 160.0 158.4 169.5 125.3 142.3 164.7 179.8 175.1 161.1
SFC 06 173.2 179.1 179.6 140.1 151.2 154.6 187.4 176.0 163.4

& Outliers removed by the Cochran test.

®  Removed due to the reported integration issues.
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Table 12. Recoveries (%) of the studied PAHs in oyster obtained by a collaborator storing the test samples SFC 01-07 at
-20°C

PAH SFC O1 SFC 02 SFC 03 SFC 04 SFC 05 SFC 06 SFC O7 Mean RSD, %
1,7-DMP 93 95 93 102 90 107 92 96 6.3
1-MN 102 102 98 124 98 1M1 106 9.5
1-MP 97 99 100 93 109 94 99 5.8
2,6-DMN 85 7 91 65 71 73 77 13
3-MC 92 94 98 96 97 96 95 21
Ant M 47 51 50 53 44 48 9.6
BaA 74 75 80 78 81 76 77 3.5
BaP 47 51 56 52 54 50 52 6.3
BbF 82 88 92 87 89 86 87 3.7
BghiP 87 83 87 82 84 90 86 34
BkF 86 85 92 89 89 88 88 2.9
Chr 86 85 91 87 88 87 87 25
DBahA 87 84 89 82 84 86 85 2.7
Fin 86 86 93 83 7 86 85 6.3
Flt 85 84 90 87 88 91 87 3.2
ledP 88 85 88 86 86 89 87 1.6
Naph 93 93 101 95 92 94 95 3.4
Phe 89 87 93 90 89 88 89 22
Pyr 86 85 89 88 88 85 87 22

Table 13. Recoveries (%) of the studied PAHs in oyster obtained bya collaborator storing the test samples SFC 01-07 at
-70°C

PAH SFC O1 SFC 02 SFC O3 SFC 04 SFC 05 SFC 06 SFC 07 Mean RSD, %
1,7-DMP 94 99 108 95 98 106 96 100 54
1-MN 107 109 109 110 101 101 106 3.8
1-MP 94 100 100 92 102 88 96 55
2,6-DMN 85 90 89 80 7 78 83 6.8
3-MC 99 101 102 96 100 93 99 3.5
Ant 92 91 89 87 91 84 89 3.3
BaA 88 90 90 87 91 81 88 4.0
BaP 90 87 86 85 88 82 86 3.0
BbF 90 93 93 87 92 83 90 4.2
BghiP 94 95 94 89 94 90 93 27
BkF 91 92 91 90 94 85 90 3.1
Chr 90 92 92 88 93 84 90 3.8
DBahA 95 96 95 92 96 89 94 3.1
Fin 93 94 93 88 92 87 91 3.2
Fit 95 92 94 88 92 86 91 4.1
lcdP 94 93 93 87 92 87 91 3.5
Naph 94 99 96 93 96 88 94 3.8
Phe 90 92 91 89 93 84 90 3.6

Pyr 92 94 93 90 94 86 91 3.3
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Figure 1. Structures of anthracene (Ant), benzo[a]anthracene
(BaA), and benzo[a]pyrene (BaP).

blank PAH levels were too high to participate in the collaborative
study and to conduct low-level PAH analysis in general.
This was typically due to their location (high environmental
contamination) and/or their laboratory contamination. Some
participants were able to reduce the reagent (procedure) blank
contamination by moving the sample preparation (extraction,
cleanup, and evaporation) away from oil pumps, such as
MS rough pumps. The method requires heating of the used
salts and recommends heating of glassware. Solvents, plastic
material, and equipment may also be sources of PAHs,
including polypropylene centrifugation/extraction tubes. As
one collaborator discovered, simple testing of polypropylene
tubes using ethyl acetate wash/extraction may not reveal PAH
contamination. However, the extraction dynamic during the
actual procedure can release potentially present PAHs into the
extract when the tubes get heated due to the exothermic reaction
caused by addition of MgSOy, to the water-containing extraction
mixture. For this and other potential contamination reasons, it is
highly important to analyze a reagent blank with every sample
batch.

In addition to the contamination issues, another problem
faced by laboratories less experienced in PAH analysis was
optimization of the evaporation conditions to prevent losses
of volatile analytes, especially naphthalene. Isooctane is used
as a keeper in both evaporation steps, but it did not prevent
significant losses of volatile PAHs in the second evaporation
step in certain laboratories. For this reason, the study direction
team recommended addition of 1-2 mL of ethyl acetate to the
SPE eluent for a better control of the final evaporation process,
which helped in most cases and was added as a recommendation
to the method procedure.

Sixteen laboratories entered the qualification phase, but only
10 of them (listed in the Acknowledgments section) completed
the qualification successfully and/or continued in the study. In
many cases, the reason why a participant did not complete the

qualification phase was the availability of resources and not the
ability to qualify for the study.

Collaborators’ Comments

Most of the study participants commented very positively on
the speed and ease of use of the method, especially laboratories
currently analyzing PAHs with much more labor-intensive and
time-consuming methods.

The most frequently reported sources of PAH contamination
were salts (which have to be muffled and stored appropriately).
Some participants had problems with PAH sources in their
laboratories caused by the use of oil pumps in the vicinity of
the space used for the sample preparation. As noted above,
one collaborator discovered PAHs in polypropylene centrifuge
tubes used for practice sample analysis (Note: All tubes and
containers used for the test sample storage and preparation were
pretested by the study direction team).

Several collaborators initially had problems with optimization
of the evaporation steps to prevent losses of volatile PAHs.
As noted above, the addition of ethyl acetate in the second
evaporation step resolved this issue in most cases. The majority
of study participants used evaporation with a gentle stream of
nitrogen at room temperature or a maximum of 40°C.

Collaborators noticed differences in the color of extracts of
oyster blank versus fortified samples stored for several months
in a freezer at —20°C. The blank sample produced a dark green
extract, whereas the same blank sample fortified with PAHs
gave a yellow-brown extract. This was not observed for oyster
samples stored for a shorter period of time and/or stored at
—70°C. As discussed below, this observation could be linked to
degradation issues in oysters. Also, the participants noted that
oyster extracts were generally dirtier than shrimp and mussel
extracts, which affected chromatography in some cases.

One collaborator reported the use of a mechanical shaker
instead of hand-shaking. Mechanical shaking is generally
preferred by routine testing laboratories, and this method
modification is acceptable as long as a vigorous and effective
shaking (up and down in the tube) is ensured.

Collaborative Study Results

Tables 3—11 provide the collaborative study results obtained
by the participating laboratories in three blind duplicates (low,
mid, and high fortification level) in shrimp, mussel, and oyster.
Results from Laboratory No. 10 are presented only for mussel
because the Study Directors excluded their oyster and shrimp
data sets due to calibration (standard preparation) issues.

1,7-DMP was used as a homogenization check and
was added to blank mussel and oyster samples at 40 and
80 ung/kg, respectively, during the homogenization step.
The mean concentration value obtained for 1,7-DMP by all
participants (except for sample SFC M4 lost by Laboratory
No. 6 and the result for sample SFC M3 from Laboratory
No. 1, which was removed as an apparent outlier) in all seven
test mussel samples (three blind duplicates and one blank)
was 38.8 pg/kg (RSD = 21.5%, n = 68), which corresponds
to mean recovery of 97.0%. In the case of oysters, the mean
concentration value obtained for 1,7-DMP by all participants
(except for Laboratories 1 and 10, for which all 1,7-DMP
results were eliminated as outliers in the Grubbs’ tests applied
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to the blind duplicates) in all seven test samples was 70.5 ng/kg
(RSD =16.3%, n = 56), which corresponds to mean recovery of
88.1%. These results indicate that the mussel and oyster samples
sent to the study participants had good homogeneity. 1,7-DMP
was also added to all shrimp test samples at 20 ug/kg during the
fortification step conducted by the study participants. The mean
concentration value was 22.1 ug/kg (RSD = 19.0%, n = 63),
corresponding to mean recovery of 111%. Statistical results for
1,7-DMP obtained in blind duplicate samples are summarized
together with the other analytes in Tables 2014.08B-D.

Tables 2014.08B-D provide statistical results obtained for
the studied analytes at three different concentration levels
in shrimp, mussel, and oyster after elimination of statistical
outliers (highlighted in Tables 3—11).

Eight to 10 valid results were obtained for the majority of
determinations. Mean recoveries of all tested analytes at the
total of five different concentration levels were all in the range
of 70-120%: 83.8—115% in shrimp, 77.3—107% in mussel, and
71.6-94.6% in oyster, except for a slightly lower mean recovery
of 68.6% for BaA fortified at 25 pg/kg in oyster (RSD,: 5.84%,
RSDg: 21.1%) and lower mean recoveries for Ant and BaP
in oyster at all three fortification levels (50.3-56.5% and
48.2-49.7%, respectively).

The lower mean recoveries of Ant and BaP were linked to
degradation of these analytes in oyster samples stored at —20°C
(see the discussion about degradation issues below), which also
resulted in lower reproducibility (RSDy values in the range
of 44.5-64.7% for Ant and 40.6-43.5% for BaP). However,
the repeatability was good (RSD, of 8.78-9.96% for Ant and
6.43-11.9% for BaP), and the HorRat values were acceptable
(1.56-1.94 for Ant and 1.10-1.45 for BaP).

In all other cases, repeatability, reproducibility and HorRat
values were as follows:

(1) Shrimp: RSD, 1.40-26.9%, RSDy 5.41-29.4%, HorRat
0.22-1.34;

(2) Mussel: RSD, 2.52-17.1%, RSDy 4.19-32.5%, HorRat
0.17-1.13; and

(3) Oyster: RSD, 3.12-22.7%, RSDy 8.41-31.8%, HorRat
0.34-1.39.

Overall, the results of the collaborative study demonstrate
that the method is fit-for-purpose to determine PAHs and their
alkyl homologs in seafood samples.

Degradation Issues

The Study Directors reported problems with lower recoveries
for Ant and BaP in oyster samples stored at —20°C to the SPSC
PAH Working Group and the AOAC Methods Committee on
PAHs when they discovered a significant difference between
results for these two analytes obtained in two different
participating laboratories storing the samples at two different
freezer temperatures of —20 and —70°C (see recovery results in
Tables 12 and 13, respectively). Due to the limited availability
and cost of oyster samples, it was decided to continue with
the study and not proceed with preparation of new study test
samples that would be fortified by collaborators on the day of
the analysis as was done for shrimp (Note: in the case of shrimp,
overall lower recoveries were obtained for all studied PAHs
depending on the shrimp sample storage conditions).

The laboratory storing samples at —20°C analyzed another
set of oyster samples about 1.5 months after the first set

and confirmed the lower recoveries for Ant and BaP. This
collaborator also made another interesting observation related
to the color difference between extracts obtained in the first
set (all dark green) and the second set (the dark green extract
was produced only for the blank sample), whereas all extracts
of fortified samples were yellow-brown. This observation,
which was later confirmed by additional study participants,
indicates matrix changes caused by the presence of PAHs and
accompanied by selective losses of Ant and BaP. In addition to
these two analytes, BaA also showed lower recoveries (around
70%) in oysters when compared to the rest of the studied PAHs.

Furthermore, a closer examination of the results obtained for
Ant, BaP, and BaA in mussel also show somewhat lower mean
recoveries of these three analytes (around 80%) when compared
to the other analytes. These mean results do not include data
obtained for BaP in mussel test samples by Laboratory No. 6,
which analyzed the test samples about a year later than most
other participants. All Laboratory No. 6 BaP results in mussel
test samples showed very good repeatability within the
duplicates but were eliminated as Grubbs’ test outliers because
they were significantly lower than the results obtained by other
laboratories. No other data obtained by Laboratory No. 6 were
identified as outliers using the Cochran or Grubbs’ tests.

Figure 1 provides structures of Ant, BaA, and BaP showing
that these PAHs contain the same moiety in terms of the linear
3-ring (anthracene) structure. This structural commonality
and similar degradation behavior indicate that they could be
substrates for the same enzyme(s). The significant differences in
recoveries obtained for samples stored at —20°C versus —70°C
(Tables 12 and 13, respectively) represent more supporting
evidence for an enzymatic degradation being the most probable
cause for the lower recoveries observed for these analytes in
oyster (and mussel) test samples. To prevent degradation of
these analytes in seafood matrixes during long-term storage,
the Study Directors recommend storing homogenized samples
at —70°C or lower. Unfortunately, this was not a feasible
requirement for this collaborative study because the majority
of the collaborating laboratories did not have this storage
capability.
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EXPERT REVIEW PANEL, METHOD BACKGROUND, AND CONCLUSIONS

Criteria for Vetting Methods to be considered:

AOAC convened the Official Methods of Analysis®™ (OMA) Expert Review Panel for Polycyclic Aromatic
Hydrocarbons (PAHs) on Monday, September 8, 2014 from 1:30pm to 4:00pm during the AOAC Annual Meeting
and Exposition in Boca Raton, Florida. The purpose of the meeting was to 1) Review the Collaborative Study
Manuscript/ OMAMAN-15: Determination Of Polycyclic Aromatic Hydrocarbons (PAHs) In Seafood Using Gas
Chromatography-Mass Spectrometry (Study Director: Katerina Mastovska, Covance Laboratories Inc., Nutritional
Chemistry and Food safety, 3301 Kinsman Boulevard, Madison, WI 53704, USA) and to 2) discuss First to Final
Action requirements and feedback mechanisms. The candidate method was reviewed against the approved
collaborative study protocol. Supplemental information was also provided to the reviewers which included the
collaborative study manuscript, response to AOAC statistical review, summary shrimp corrected, DBAHA shrimp
mid s9&s14 corrected, ICDP oyster mid 01&07 corrected, and additional experiments with shrimp matrix.

Criteria for Vetting Experts and Selection Process:

The following nine (9) candidates and one (1) alternate were submitted for consideration by the Official
Methods Board to evaluate candidate methods for Polycyclic Aromatic Hydrocarbons (PAHs) methods as per the
Expert Review Panel (ERP) Policies and Procedures. The candidates were highly recommended by the Chemical
Contaminants and Residues in Foods Community, have participated in various AOAC activities, including but
limited to, Method Centric Committees that were formed under the legacy OMA pathway, and were vetted by
the Official Methods Board. The experts are Tom Phillips, Cheryl Lassitter, Tracy Collier (Alternate Member), Kai
Liu, Mark Crosswhite, Jian Wang, Lowri de Jager, Xiaoyan Wang, Julie Kowalski, and Stephen Wise. Tom Philips
was vetted as the Expert Review Panel Chair.

ERP Orientation:
The ERP members have completed the mandatory AOAC Expert Review Panel Orientation Webinar on
Wednesday, July 16, 2014.

Expert Review Panel Meeting Quorum

The meeting of the Expert Review Panel was held in person. A quorum is the presence of seven (7) members or
2/3 of the total vetted ERP, whichever is greater. Eight (8) out of the nine (9) voting members were present and
therefore met a quorum to conduct the meeting.

Standard Method Performance Requirements (SMPRs): N/A

Conclusion:

The Expert Review Panel reviewed OMAMAN-15: Determination of Polycyclic Aromatic Hydrocarbons (PAHs) In
Seafood Using Gas Chromatography-Mass Spectrometry and adopted this method for First Action Official
Method status by a unanimous decision.

Subsequent ERP Activities:
ERP members will continue to evaluate the method for 2 years.
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MEETING MINUTES

Welcome and Introductions
The Expert Review Panel Chair, Tom Phillips welcomed Expert Review Panel members and initiated
introductions. The Chair discussed with the panel the goal of the meeting.

Review of AOAC Volunteer Policies

Deborah McKenzie presented an overview of AOAC Volunteer Policies, Volunteer Acceptance Agreement and
and Expert Review Panel Policies and Procedures which included Volunteer Conflicts of Interest, Policy on the
Use of the Association, Name, Initials, Identifying Insignia, Letterhead, and Business Cards, Antitrust Policy
Statement and Guidelines, and the Volunteer Acceptance Form (VAF). All members of the ERP were required
to submit and sign the Volunteer Acceptance Form.

Expert Review Panel Process Overview and Guidelines

Deborah McKenzie presented an overview of the Expert Review panel process. The presentation included
information regarding method submission, recruitment of ERP members, composition and vetting expertise,
method assignments, meeting logistics, consensus, First Action to Final Action requirements, method
modifications, publications, and documentation.

Review of Methods

All members of the ERP presented a review and discussed the proposed collaborative study manuscript for the
Determination of Polycyclic Aromatic Hydrocarbons (PAHs) In Seafood Using Gas Chromatography-Mass
Spectrometry. The method authors are Katerina Mastovska of Covance Laboratories Inc., Nutritional
Chemistry and Food safety, 3301 Kinsman Boulevard, Madison, Wl 53704, USA. A summary of comments was
provided to the ERP members.*

MOTION:

Motion by Kowalski; Second by Crosswhite to adopt this method as a First Action Official Method.
Consensus demonstrated by: 7 in favor, 1 opposed, and 0 abstentions.

Motion failed.”

Negative Vote Discussion: One member of the expert review panel voted against the motion. Due to the
reviewer’s comments, he inquired about the method not using a certified reference material for PAHs in
seafood. Standard Reference Material (SRM) 1974b Mussel Tissue is mentioned as part of the qualification of
the labs as a practice sample, but no data was reported using SRM 1974b for validation of the proposed
method. The availability of SRM 1974c (which has replaced SRM 1974b) provided an excellent opportunity to
use a CRM to validate an AOAC method. The discussion of the Expert Review Panel concluded that the use of
a certified reference material was not required and did not delineate scientific reasoning to not move the
method forward. This method was created in an effort to address an emergency response to the gulf oil spill.
The information provided in reference to the selection of the 19 target PAH compounds and the matrices
selected were noted in the Fitness for Purpose statement established by the Stakeholder Panel on Petroleum
Contaminants in Seafood in 2010. The ERP captured a revote.

! Attachment 1: Summary of Expert Reviewer Comments for OMAMAN-15

2 Method must be adopted by unanimous decision of ERP on first ballot, if not unanimous, negative votes must delineate scientific
reasons. Negative voter(s) can be overridden by 2/3 of voting ERP members after due consideration.
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MOTION:

Motion by Kowalski; Second by Crosswhite to adopt this method as a First Action Official Method.
Consensus demonstrated by: 8 in favor, 0 opposed, and 0 abstentions (Unanimous).

Motion Passed.

V. Discuss Final Action Requirements for First Action Official Methods (if applicable)
No further action was discussed at this time.

VI. Adjournment
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AOAC OFFICIAL METHODS OF ANALYSIS (OMA)

OMAMAN-15: Determination Of Polycyclic Aromatic Hydrocarbons (PAHs) In Seafood Using
Gas Chromatography-Mass Spectrometry: A Collaborative Study*

Study Director: Katerina Mastovska, Covance Laboratories Inc., Nutritional Chemistry and Food safety, 3301 Kinsman Boulevard,
Madison, WI 53704, USA

Summary of Method

ER1 PAHs in homogenized seafood’s are extracted with EtOAc:water. Extracts are cleaned with SPE technique before GC-MS
analysis.
ER 2 This method utilizes solvent extraction of a homogenized sample followed by a silica-SPE procedure. The eluant is

introduced into a GC-MS or GC-MS/MS in either SIM or MRM modes. Issues encountered by participating laboratories are
typical of PAH analyses including loss of more volatile PAHs during evaporation and background PAH contamination. This
method achieved good sensitivity, accuracy and precision and has Limits of detection/quantification that are lower than the
levels of concern in seafood samples set by regulatory agencies.

ER3 The method describes analysis of 19 PAHs and alkylated PAHs via GC-MS. Sample preparation involves solvent extraction
followed by salting out partitioning with silica SPE cleanup. Method performance criteria are set instead of prescribing
specific products/instruments needed to successfully complete analysis. Criteria address analytes recovery, matrix cleanup,
calibration quality, chromatographic separation and detector sensitivity.

ER 4 This method presented a procedure to determine 19 selected polycyclic aromatic hydrocarbons (PAHs) and their relevant
alkyl homologous in seafood using fast sample preparation followed by GC-MS analysis. The sample preparation included
two steps: (1) extraction using water-ethyl acetate and salt-out by anhydrous magnesium sulfate and sodium chloride; (2)
clean-up by silica gel SPE. GC-MS was very common and practical instrumentation for PAHs analysis. The method is simple,
fast, accurate, robust and is easy to follow.

ER5 Collaborative study conducted to determine selected PAHs and relevant alkyl homologues in seafood matrices using a fast
sample preparation method followed by analysis with gas chromatography-mass spectrometry (GC-MS).

ER6 This is a GC-MS method with C13 labeled internal standards; sample preparation is a QUEChERS approach followed by SPE
cleanup. The method was designed around performance-based criteria regarding the GC separation, SPE, and evaporation
steps.

ER7 PAHs in seafood samples (10 g, hydrated with 5 or 10 mL water) are extracted into 10 mL ethyl acetate with the aid of
partitioning salts (4 g magnesium sulfate and 2 g sodium chloride). 5 mL of the ethyl acetate extract is concentrated down
and cleaned with 1 g silica gel SPE cartridge, the eluate is concentrated and solvent exchanged to 0.5 mL isooctane, and
analyzed by GC/MS.

ER 8 good

ER1 Applicable to seafood’s such as mussel, oyster, and shrimp.

ER 2 This method provides determination of PAH and PAH analogues in shrimp, mussels and finfish which are representative of
this class of compounds. The method achieves limits of detection well below the regulatory levels of concern.

ER3 Scope of the method includes 19 specific PAHs in seafood. The matrices tested, shrimp, oyster and mussel, are typically 5%

lipid content and below (USDA Nutrient database). Lipid content of commodities amendable for this method is an
important consideration and should be addressed in the text of the method. Higher fat samples are addressed briefly in the
method, indicating that a reduction of volume of extract should be applied to the silica SPE cartridge. This is a reasonable
modification to the method but has implications for overall detectability, especially for BaP. It is possible that to meet fat
removal criteria, modifications for calibration curves and/or sample preparation will need to be made. Modifications may be
significant and therefore some comment on an upper limit of the lipid content applicable for the method as written would

be useful.

ER 4 The method covers 19 selected PAHs in shrimp, mussel, and oyster with analytical ranges of fit for purpose. The scope
should be easily expanded to include more analytes and applied to a verity of seafood or processed ones.

ERS All Federal, State and Commercial laboratories analyzing PAHs in seafood.

ER6 The methods is intended for seafood that would accumulate PAHs and has been tested using mussel, oyster, and shrimp
matrices.

ER7 The method is capable to detect 19 selected PAHs quantitatively in shrimp, oyster and mussel samples.

ER 8 good
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OMAMAN-15: Determination Of Polycyclic Aromatic Hydrocarbons (PAHs) In Seafood Using
Gas Chromatography-Mass Spectrometry: A Collaborative Study*

Study Director: Katerina Mastovska, Covance Laboratories Inc., Nutritional Chemistry and Food safety, 3301 Kinsman Boulevard,
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General Comments

This study successfully addressed the urgent need for a reliable approach to analyzing various PAHs in potentially
contaminated seafood’s. Method procedures are easy to follow and not time-consuming.

ER2

The validation procedure outlined in this document was comprehensive and the results demonstrated that the method was
accurate and rugged. This method is a significant improvement over current regulatory methods. It is significantly faster,
requires less organic solvent and produces less waste, less labor intensive and is easier to perform that the current method,
while fulfilling required method performance benchmarks.

ER3

none

ER4

The collaborative study report was a very clear presentation. The experiment or study was thorough and well designed.
Performance-based criteria led to a robust method for analysis of PAHs in seafood. The method was practical and fit for
purpose. Results from collaborative study supported the method performance and demonstrated that the method was fit-
for-purpose to determine PAHs and their alkyl homologues in seafood.

ERS

Method is well-written but needs more specificity in select sections. For example, on page 6, under (5), it is stated all
analytes of reagent blanks must be below the concentrations in the lowest calibration standard. Needs more
clarification....how far below? Also, since stability of some PAHs was questionable, a Stability Study needs to be carried out
with PAH standards stored at varying temperatures and times. The Safety Section must be in the front of the method since
safety is more important than any other part of the protocol.

ER6

None

ER7

The method is quick, easy to use, and allows flexibility in method development. It demonstrated good GC separations of
isomer pairs, excellent recoveries and reproducibility were achieved except for 2 compounds in oyster which might
degrade at -20 C, no degradation was observed when oyster was stored at -70 C, however it's not very practical for many
labs to maintain such low storing temperature.

ER 8

Very good method

Method Clarity

ER1 Good clarity throughout the manuscript.

ER2 The method is well written and easily understood. The instructions are clear and | found no ambiguities.

ER3 The method as written is clean with only a few instances for improvement. Performance criteria and how to evaluate the
criteria are nicely described.

ER 4 The method procedure is well described and steps are easy to follow.

ERS Method is generally clear but needs more specificity in select areas.

ER6 The method is clear and all the necessary information provided to reproduce and use the method. The authors should use
correct nomenclature for the PAHs, i.e., Benzo[ghilperylene not benzolg,h,ilperylene

ER7 The method is clearly described in the manuscript.

ER 8 good
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Pros/Strengths

ER1

The organizer took great effort setting up the procedures to allow for individual lab's choice of various instruments,
columns, SPE vendors, and evaporation techniques, as long as the lab passed the performance requirements. The
procedures are straight forward and not hard to follow.

ER2

Fairly easy method that requires significantly less sample preparation compared to other methods. Utilizes equipment and
instrumentation that is widely available. Uses less flammable and toxic solvents than other methods. Sample handling is
minimized which decreases the probability of environmental contamination.

ER3

Strengths include: 1. easy to follow criteria for sample preparation evaluation 2. easy to follow instructions for solution and
calibration solution preparation 3. some allowance for environmental background of the naphthalene 4.importance of
monitoring blank is clearly stated

ER4

The method is simple, fast, accurate, robust and is easy to follow.

ERS

Well written, encompasses analyses of PAH compounds deleterious to humans at low levels, the calculations outlines on
pages 14-15 are well written.

ER6

A major strength is that the method is an isotope dilution (ID) GC-MS methods using C13 labeled internal standards for 13
of the 19 target PAHs. The sample preparation appears to be simplified compared to normal solvent extraction methods
(Soxhlet, ACE, MAE). Another strength is the performance criteria required for the choice of GC column and the
requirements to separate critical PAH isomers such as the benzofluoranthenes.

ER7

The method is simple, fast, and easy to use. High sample throughput with little lab ware needed. Applicable to a variety of
seafood matrices. Overall method performance are acceptable.

ER8

no comment

ER1

Cons/Weaknesses

Isotope-Labeled mixed standards may be expensive or could be unavailable occasionally. Precision of results (all three
levels) may have some room for improvement.

ER2

Still requires some sample clean up, including a dry down step which if performed incorrectly could cause artificially low
calculated concentrations for low molecular weight PAHs. Does not incorporate many alkyl homolog PAH compounds.
These are often present at higher concentration in oil contamination and have similar toxicity to the PAHs. Addition of
these compounds to the GC-MS method would increase the applicability and impact of the method. This could perhaps be
done in the future

ER3

Weaknesses include: 1. Method scope of 1 ug/kg LOQ of BaP was not tested as a fortification level. As | read the method,
the lowest fortification level for BaP was 2 ug/kg. 2. Polypropylene tubes used for extraction will likely cause users of the
method issues with PAH contamination. Discussion of alternatives would be helpful. 3. PAH GC-MS analysis has significant
differences than typical analysis of most other types of compounds. Guidance for GC-MS parameters would likely be helpful
for users of the method. These include parameters like inlet temperature, transfer line temperature, ion source temperature,
column loadability and efficient flow conditions. 4. There is no recommendation on how to report data on chrysene and
triphenylene if the recommended, but not required, 50% valley separation is not met. Can chrysene and triphenylene be
reported together? 5. lon ratios are mentioned as a requirement for identification but there is no indication as to the RSD
value that is acceptable or some other qualification. 6. When a linear calibration curve is not possible, allowance for a "well-
characterized" quadratic formula is made but with no discussion of what "well-characterized" means. Some guidance would
be useful because some user will not be accustomed using quadratic calibration curves.

ER4

A commercially available mix of standards suitable for the method is beneficial.

ERS

The Safety Section must be in the front of the method since safety is more important than any other part of the protocol.
Method must be more specific. Under Degradation Issues on page 18, the discussion emphasizes the need for a Stability
Study. 18.2 megaohm water should be used for any GC/MS method (page 9, Section C). Need a statement that
documented calibrations/reference checks were performed on all analytical equipment and instrumentation used in the
collaborative study.

ER6

A major weakness is that there is no validation using a certified reference materials for PAHs in seafood. Standard Reference
Material (SRM) 1974b Mussel Tissue is mentioned as part of the qualification of the labs (p. 6) as a practice sample, but no
data are reported using SRM 1974b for validation of the proposed method. The availability of SRM 1974c (which has
replaced SRM 1974b) provided an excellent opportunity to use a CRM to validate an AOAC method. The use of only
fortified/spiked samples for the method validation is a weakness. Spiked samples are sometimes the only option but in this
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case with SRM 1974 available, it could have been handled differently. The selection of the 19 target PAHs to determine
could be questioned. The authors comment on criteria for separation of chrysene and triphenylene and also BaP and BeP,
which is good, but perhaps triphenylene and BeP should have been included. There were no performance criteria for the
separation of the alkyl-PAHs from potential isomers, e.g., with 3-MeChr targeted, how do you know if you are separating it
from other methylchrysene or methyl-BaA isomers? The inclusion of several alkyl-PAHs is good, but will this really provide a
method to look at the alkyl-PAHs, which in petroleum contaminated samples may be more abundant than the parent PAHs.
Should there be a provision for looking at the alkyl-PAHs as a group by MS? Perhaps this is beyond the intended scope of
this method.

ER7 Fish, one of the most common seafood, was not covered in this method. Oyster needs to be stored at -70 C, which is not
very easy for many labs to maintain.
ER 8 no comment

Supporting Data Comments

ER1 Great summary of results and provided complete statistical information. Would like to see more on linearity results.
ER 2 The supporting data indicates that the method is rugged and accurate.

ER3 Nicely organized.

ER 4 na

ER5 More specificity needed in quantitative parameters.

ER6 In general, this is a good method, but needs further validation.

ER7 Tested real samples. Additional experiments with shrimp matrix performed.

ER 8 good

Method Optimization

ER1 N/A

ER 2 Was well described and performed appropriately.

ER3 Good.

ER 4 na

ERS The Safety Section must be in the front of the method since safety is more important than any other part of the protocol.
Method must be more specific when outlining quantitative parameters. Under Degradation Issues on page 18, the
discussion emphasizes the need for a Stability Study. 18.2 megaohm water should be used for any GC/MS method (page 9,
Section C). Need a statement that documented calibrations/reference checks were performed on all analytical equipment
and instrumentation used in the collaborative study.

ER6 The method optimization is well done in particular the SPE cleanup. Could the use of an aminopropyl SPE be less sensitive
than silica regarding deactivation by moisture content?

ER 7 Elution solvent volume for silica gel SPE cleanup is optimized. Increased water amount (10 mL) is used in shrimp samples to
help shake and extract PAHs from more viscous shrimp samples.

ER 8 good
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Analytical Range

ER1 Varies depending on the analyte. Generally, low is from 2 ppb to 25 ppb. High is 20 ppb to 250 ppb.

ER 2 Range varies and is dependent on the specific analyte. This is appropriate as lower molecular weight PAHs are generally
found in higher concentrations than higher molecular weight PAHs. It is acceptable for this application as levels of concern
for low molecular weight PAHs are significantly higher.

ER3 Sufficient.

ER 4 BaP: 0.5 - 100 ug/kg (0.5, 1, 2, 5, 10, 20, 50, 100) Other PAHs: 1.25 - 250 pg/kg (1.25, 2.5, 5, 12.5, 25, 50, 125, 250) naphthalene:
2.5-500 ug/kg (2.5, 5, 10, 25, 50, 100, 250, 500)

ERS5 Good

ER6 Suitable

ER 7 0.5 to 100 ug/kg for BaP and other lower-level PAHs; 1.25 to 250 ug/kg for higher-level PAHs; and 2.5 to 500 ug/g for
naphthalene.

ER 8 good
LOQ

ER1 Not discussed in the method. Likely in the low ppbs.

ER 2 LOQ varies and is dependent on the specific analyte. This is appropriate as lower molecular weight PAHs are generally
found in higher concentrations than higher molecular weight PAHs. It is acceptable for this application as levels of concern
for low molecular weight PAHs are significantly higher.

ER3 Please see comment above about spike levels and LOQ of BaP.

ER4 Bap: 0.5 pg/kg Other PAHSs: 1.25 pg/kg naphthalene: 2.5 pug/kg

ERS Good

ER 6 Suitable

ER7 1 ug/kg for BaP and other lower-level PAHs; 2.5 ug/g for higher-level PAHs; and 5 ug/g for naphtalene.

ER 8 good

Accuracy/Recovery

ER1 Varies depending on the analyte. 70-120% mostly.

ER 2 Accuracy/Recovery is high and meets validation criteria.

ER3 Good

ER 4 In shrimp: 83.8-115% In mussel: 77.3-107% In oyster: 71.6-94.6%, except for a lower mean recovery of 68.6% for
benzo[a]anthracene (BaA) in oyster, and 50.3-56.5% and 48.2-49.7% for anthracene and beno[a]pyrene, respectively.

ERS Good

ER6 As noted by the authors, the recoveries for the oyster tissue are low and probably inadequate.

ER 7 After excluding the outliers, the mean recoveries (8-10 labs) are in the range of 70-120% with a few exceptions which may
due to the compound degradation in oyster samples stored at -20 C.

ER 8 good
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Precision

ER1 Varies. Mostly around or below 10%, with one exception of 27% for low level 1-MN.

ER 2 Precision and reproducibility varies and is dependent on the specific analyte. The reported values meet the validation
criteria

ER3 Good

ER4 In Shrimp: 1.40-26.9% In mussel: 2.52-17.1% In oyster: 3.12-22.7%

ER5 Good

ER6 I am not familiar with the expectations for precision for an AOAC method; however, the precision here appears to be
adequate.

ER7 Precision was excellent.

ER8

good

Reproducibility

ER1 Varies. Mostly between 10%-20%.

ER 2 Precision and reproducibility varies and is dependent on the specific analyte. The reported values meet the validation
criteria

ER3 Good

ER4 In Shrimp: 5.41-29.4% In mussel: 4.19-32.5% In oyster: 8.41-31.8%

ERS Good

ER6 I am not familiar with the expectations for reproducibility for AOAC method; however, the reproducibility for this study
appears to be inadequate for many of the more volativle PAHs (e.g., naphthalene) and particularly in the oyster tissue.

ER7 Reproducibility was good except for a few compounds in oyster stored at -20 C.

ER 8 good

System Suitability

ER1 Not discussed.

ER 2 System is suitable

ER3 Good

ER 4 na

ER5 Were IDLs, MDLs and PQLs carried out on all instrumentation used in the Collaborative Study? If not, this should be
performed and documented in the Method. Are there records of Intra-day, Inter-day variability? Are there records of
Analyst variability? If so, the Method should state.

ER6 No comments

ER7 System check samples were analyzed.

ER 8 very good
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First Action Recommendation

ER1 Yes.

ER2 Yes

ER3 Yes

ER 4 | recommend that the method, which has been gone through AOAC collaborative study successfully, for determination of
PAHs in seafood using GC-MS be adopted Official Fist Action

ER5 No

ER6 Not yet...I think it needs validation with a natural matrix CRM such as SRM 1974c.

ER7 Yes, with minor modifications (please see After First Action Recommendation)

ER 8 yes

After First Action Recommendation ‘

ER1 Explore for ways to improve inter-lab precision RSD(R)%

ER 2 NO

ER3 See comments above.

ER 4 na

ER5 It may be helpful to refer to the FDA's LIB # 4475 to get a better feel for how the Method should be formatted and
important quantitative data to include. The only exception here is the Safety Section is not in the front of this FDA LIB.

ER6 As mentioned above, information on the method performance using SRM 1974c

ER 7 Fish samples should be analyzed in the future to see if this method is applicable to fish as well, especially those with high
fat content. Was matrix effect significant? or the internal standards (13C PAHs) added to samples before extraction
corrected the matrix effect of their corresponding PAHs? How about the alkyl PAHs that did not include their isotope
labeled standards in this study? Should matrix matched calibration be more appropriate? |would suggest the study group
to compare the PAH recoveries using this method and one of the other currently accepted methods to test an oyster
reference material stored at - 20 C to show if the degradation of Ant and BaP is method dependent.

ER 8 no




AOAC Official Method 2014.09
Determination and Confirmation of Residues
of 653 Multiclass Pesticides
and Chemical Pollutants in Tea
GC/MS, GC/MS/MS, and LC/MS/MS
First Action 2014

Forty representative pesticides were selected based on guidance
from the AOAC Method-Centric Committee on Pesticide Residues
to conduct a multilaboratory validation study of the single-
laboratory validated (SLV) method using two representative brands
of'tea. The representative pesticides selected for the multilaboratory
validation study of the SLV method are as follows: 2,4’-DDE, 4,4'-
DDE, benalaxyl, bifenthrin, bromophos-ethyl, bromopropylate,
chlorfenapyr,  diflufenican,  dimethenamid, fenchlorphos,
picoxystrobin, pirimicarb, pirimiphos-methyl, procymidone,
propyzamide, pyrimethanil, quinoxyfen, tefluthrin, tolclofos-
methyl, and trifluralin by GC/MS and GC/MS/MS; and acetochlor,
benalaxyl, bensulide, butralin, chlorpyrifos, clomazone, diazinon,
ethoprophos, flutolanil, imidacloprid, indoxacarb, kresoxim-
methyl, monolinuron, picoxystrobin, pirimiphos-methyl, propoxur,
quinoxyfen, tebufenpyrad, triadimefon, and trifloxystrobin by LC/
MS/MS.

LOQs for the 653 pesticides included in the SLV ranged from
0.03 to 1210 pg/kg. LODs of the GC/MS method ranged from
1.0 to 500 pg/kg, and the corresponding LOQs ranged from 2.0
to 1000 pg/kg. LODs of the GC/MS/MS method ranged from 1.0
to 900 pg/kg, and the corresponding LOQs ranged from 2.0 to
1800 pg/kg. LODs of the LC/MS/MS method ranged from 0.03
to 4820 pg/kg, and the corresponding LOQs ranged from 0.06 to
9640 pg/kg.

A total of 482 of the 653 pesticides can be analyzed by GC/MS
and GC/MS/MS, while 417 of the 653 pesticides can be analyzed
by LC/MS/MS with LODs <100 pg/kg. There are 264 out of the
653 pesticides that can be analyzed by GC/MS, and 325 out of 653
by LC/MS/MS with LODs <10 pg/kg. There are 270 pesticides that
can be analyzed by both GC/MS and LC/MS/MS. Of these, there
are 264 pesticides that can be analyzed by GC/MS and 247 by LC/
MS/MS, with LODs <100 pg/kg for the GC/MS method. There are,

Figure 2014.09. SPE equipment.

however, 133 pesticides that can be analyzed by GC/MS and 200
by LC/MS/MS, with LODs <10 pg/kg.

A. Principle

Test samples are extracted with acetonitrile using a homogenizer,
and the extracts are cleaned up with Cleanert TPT (Agela
Technologies, Tianjin, China), EnviCarb/PSA or ECPSACB506
(UCT, Bristol, PA, USA), BE Carbon 500 g/PSA (Agilent
Technologies, Santa Clara, CA, USA), or InerSep GC/PSA (GL
Sciences, Tokyo, Japan), or equivalent cartridges. The pesticides
are eluted with acetonitrile—toluene (3 + 1, v/v), concentrated,
dried, dissolved in the recommended solution, and analyzed by
GC/MS, GC/MS/MS, or LC/MS/MS. Quantification is with a
matrix-matched standard calibration curve.

B. Reagents

(a) Solvents.—Acetonitrile, toluene, and n-hexane (HPLC
grade).

(b) Acetonitrile-toluene.—3 + 1 (v/v).

(¢) Ultrapure water.—Obtained from a Milli-RO plus system
together with a Milli-Q system (EMD Millipore Corp., Billerica,
MA, USA).

(d) Anhydrous sodium sulfate.—Analytically pure. Baked
at 650°C for 4 h and stored in a desiccator.

C. Materials

(a) SPE cartridges.—Cleanert TPT (2000 mg, 12 mL; Agela
Technologies), or EnviCarb/PSA (500 mg/500 mg, 6 mL; Supelco,
Bellefonte, PA, USA), or equivalent.

(b) SPE tube adapter.—For 12 mL SPE tubes (57267), for 6 mL
SPE tubes (57020-U; Sigma-Aldrich Shanghai Trading Co., Ltd,
Shanghai, China), or equivalent.

(¢) Disposable flow control valve liners—For Visiprep TM-DL
(57059, Sigma-Aldrich Shanghai Trading Co., Ltd).

(d) Pear-shaped flask—80 mL (Z680346-1EA; Sigma-Aldrich
Shanghai Trading Co., Ltd), or equivalent. See Figure 2014.09.

(e) Reservoir—30 mL (A82030; Agela), or equivalent. See
Figure 2014.09.

(f) Centrifuge tube.—80 mL.

(g) Millipore filter membrane (nylon).—13 mm x 0.2 pm.

—* Reservoir

.*} —+ SPE Tube Adapter

— Cleanert - TPT Cartridge

— 5-Port Flask Vacuum Manifold

| — Flask or Glass Vessel(TurboVap)
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Table 2014.09A. GC/MS retention times, quantifying ions, qualifying ions, ion abundances, LODs, and LOQs for the 20 pesticides

Retention Quantifying ion, Qualifying ion 1, Qualifying ion 2, LOQ, LOD,
No. Pesticide time, min m/z m/z m/z ug/kg ug/kg
ISTD? Heptachlor-epoxide 22.15 353(100)° 355(79) 351(52)
1 Trifluralin 15.43 306(100) 264(72) 335(7) 20.0 10.0
2 Tefluthrin 17.35 177(100) 197(26) 161(5) 10.0 5.0
3 Pyrimethanil 17.43 198(100) 199(45) 200(5) 10.0 5.0
4 Propyzamide 18.94 173(100) 255(23) 240(9) 10.0 5.0
5 Pirimicarb 19.00 166(100) 238(23) 138(8) 20.0 10.0
6 Dimethenamid 19.77 154(100) 230(43) 203(21) 10.0 5.0
7 Tolclofos-methyl 19.83 265(100) 267(36) 250(10) 10.0 5.0
8 Fenchlorphos 19.90 285(100) 287(69) 270(6) 40.0 20.0
9 Pirimiphos-methyl 20.37 290(100) 276(86) 305(74) 20.0 10.0
10 2,4-DDE 22.75 246(100) 318(34) 176(26) 25.0 12.5
1 Bromophos-ethyl 23.12 359(100) 303(77) 357(74) 10.0 5.0
12 4,4-DDE 23.95 318(100) 316(80) 246(139) 10.0 5.0
13 Procymidone 24.57 283(100) 285(70) 255(15) 10.0 5.0
14 Picoxystrobin 24.79 335(100) 303(43) 367(9) 20.0 10.0
15 Chlorfenapyr 27.40 247(100) 328(54) 408(51) 200.0 100.0
16 Quinoxyfen 27.15 237(100) 272(37) 307(29) 10.0 5.0
17 Benalaxyl 27.68 148(100) 206(32) 325(8) 10.0 5.0
18 Bifenthrin 28.62 181(100) 166(32) 165(35) 10.0 5.0
19 Diflufenican 28.73 266(100) 394(25) 267(14) 10.0 5.0
20 Bromopropylate 29.46 341(100) 183(54) 339(51) 20.0 10.0

@ |STD = Internal standard.
> Numbers in parentheses are ion abundances.

D. Preparation of Standard Solutions

(a) Preparation of stock solutions.—Accurately weigh 5-10 mg
individual pesticide and chemical pollutant standards (accurate
to 0.1 mg) into a 10 mL volumetric flask. Dissolve and dilute to
volume with methanol, toluene, acetone, acetonitrile, isooctane,

tc., depending on each individual compound’s solubility. All
standard stock solutions are stored in the dark at 0-4°C and can be
used for 1 year.

(b) Preparation of mixed standard solution.—Depending on
properties and retention times of compounds, all compounds are
divided into a series of groups. The concentration of each compound
is determined by its sensitivity on the instrument for analysis.
Mixed standard solutions are stored in the dark below 4°C.

(¢) Working standard mixed solution in matrix—Prepare
working standard mixture solution in matrix of pesticide and
chemical pollutants by diluting an appropriate amount of mixed
standard solution with blank extract, which has been taken through
the method with the rest of the samples. Mix thoroughly. Used for
plotting the standard curve. Working standard mixture solution in
matrix must be freshly prepared.

E. Apparatus and Conditions

(a) GC/MS  analysis.—(1) System.—Model 7890A  gas
chromatograph connected to a Model 5975C mass selective
detector with electron ionization (EI) source and equipped with a
Model 7683 autosampler and Chemstation data processing software
system (Agilent Technologies), or equivalent.

(2) Column.—DB-1701 capillary column (30 m x 0.25 mm X
0.25 um; J&W Scientific, Folsom, CA, USA), or equivalent.

(3) Column temperature.—40°C hold 1 min, 30°C/min to
130°C, 5°C/min to 250°C, 10°C/min to 300°C, hold 5 min.

(4) Carrier gas.—Helium, purity >99.999%, flow rate
1.2 mL/min.

(5) Injection port temperature.—290°C.

(6) Injection volume.—1 pL.

(7) Injection mode.—Splitless, purge on after 1.5 min.

(8) lonization mode.—EI.

(9) lon source polarity.—Positive ion.

(10) lonization voltage.—70 eV.

(11) lon source temperature.—230°C.

(12) GC/MS interface temperature.—280°C.

(13) Solvent delay.—14 min.

(14) lon monitoring mode.—Selected ion monitoring (SIM);
one quantifying ion and two qualifying ions are selected for each
compound. The retention times, quantifying ions, qualifying ions,
and the expected ion abundances for each of the 20 pesticides
included in the study and heptachlor epoxide are listed in Table
2014.09A. SIM acquisition parameters for ions monitored by
GC/MS are shown in Table 2014.09B.

(b) GC/MS/MS  analysis.—(1) GC/MS/MS  system.—Model
7890A gas chromatograph connected to a Model 7000B triple
quadrupole mass spectrometer with EI source and equipped with
a Model 7693 autosampler and Mass Hunter data processing
software system (Agilent Technologies), or equivalent.
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Table 2014.09B. SIM acquisition parameters by GC/MS for the 20 pesticides of interest in this study

Group Start time, min Monitored ions, m/z Dwell time, ms
1 14.85 306, 264, 335 80
2 16.85 177,197, 161, 198, 199, 200 80
3 17.97 173, 255, 240, 166, 238, 138 80
4 19.43 154, 230, 203, 285, 287, 270, 265, 267, 250 40
5 20.00 290, 276, 305 80
6 21.77 246, 318, 176, 353, 355, 351 80
7 22.93 359, 303, 357, 318, 316, 246 80
8 24.20 335, 303, 367, 283, 285, 255 80
9 25.87 237, 272, 307, 247, 328, 408, 148, 206, 325 40
10 28.49 181, 166, 165, 266, 394, 267, 341, 183, 339 40

(2) Operating conditions are the same as for GC/MS with the
exception that the ion monitoring mode is by selected reaction
monitoring (SRM) and monitoring one precursor ion and two
product ion transitions.

(3) The monitored ion transitions and the collision energies for
the 20 pesticides of interest in the study and heptachlor epoxide are
shown in Table 2014.09C. The SRM acquisition parameters for the
precursor and product ion transitions monitored by GC/MS/MS are
shown in Table 2014.09D.

(¢) LC/MS/MS analysis.—(1) LC/MS/MS system.—An Agilent
Series 1200 HPLC system directly coupled to a 6430 triple
quadrupole mass spectrometer equipped with an electrospray

ionization source and Model G1367D autosampler with a Mass
Hunter data processing software system (Agilent Technologies).

(2) Column.—Zorbax SB-CI18, 2.1 x 100 mm x 3.5 um, or
equivalent.

(3) Mobile phase gradient elution program and flow rate—See
Table 2014.09E.

(4) Column temperature.—40°C.

(5) Injection volume.—10 pL.

(6) lonization mode.—ESI.

(7) lon source polarity.—Positive ion.

(8) Nebulizer gas.—Nitrogen gas.

(9) Nebulizer gas pressure.—0.28 Mpa.

Table 2014.09C. GC/MS/MS retention times, monitored ion transitions, collision energies, LODs, and LOQs for the 20 pesticides

Quantifying Qualifying
Retention precursor/production precursor/production Collision

No. Pesticide time, min transition, m/z transition, m/z energy, V LOQ, ug/kg LOD, ug/kg
ISTD Heptachlor-epoxide 22.15 353/263 353/282 17,17

1 Trifluralin 15.41 306/264 306/206 12;15 4.8 24
2 Tefluthrin 17.40 1771127 177/101 13;25 0.8 0.4
3 Pyrimethanil 17.42 200/199 183/102 10;30 6.0 3.0
4 Propyzamide 18.91 173/145 173/109 15;25 1.0 0.5
5 Pirimicarb 19.02 238/166 238/96 15;25 4.0 2.0
6 Dimethenamid 19.73 230/154 230/111 8;25 2.0 1.0
7 Fenchlorphos 19.83 287/272 287/242 15;25 16.0 8.0
8 Tolclofos-methyl 19.87 267/252 267/93 15;25 10.0 5.0
9 Pirimiphos-methy! 20.36 290/233 290/125 5;15 10.0 5.0
10 2,4-DDE 22.79 318/248 318/246 15;15 6.0 3.0
11 Bromophos-ethyl 23.16 359/303 359/331 10;10 10.0 5.0
12 4,4-DDE 23.90 318/248 318/246 25;25 4.0 2.0
13 Procymidone 24.70 283/96 283/255 10;10 2.0 1.0
14 Picoxystrobin 24.75 335/173 335/303 10;10 10.0 5.0
15 Quinoxyfen 27.18 237/208 237/182 25;25 80.0 40.0
16 Chlorfenapyr 27.37 408/59 408/363 15,5 140.0 70.0
17 Benalaxyl 27.66 148/105 148/79 15;25 2.0 1.0
18 Bifenthrin 28.63 181/166 181/165 10;5 10.0 5.0
19 Diflufenican 28.73 266/218 266/246 25;10 20.0 10.0
20 Bromopropylate 29.46 341/185 341/183 15,15 8.0 4.0
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Table 2014.09D. SRM acquisition parameters by GC/MS/MS analysis for the 20 pesticides of interest

Group Start time, min Monitored ion transitions, m/z Dwell time, ms
1 14.76 306/264, 306/206 50
2 15.87 177/127,177/101, 200/199, 183/102 50
3 18.06 173/145, 173/109, 238/166, 238/96 50
4 19.26 230/154, 230/111, 287/272, 287/242, 267/252, 267/93 25
5 20.07 290/233, 290/125 50
6 21.87 353/282, 353/263 50
7 22.60 359/331, 359/303, 318/248, 318/246 50
8 23.59 335/303, 335/173, 318/248, 318/246, 283/96, 283/255 50
9 26.71 148/105, 148/79, 408/363, 408/59, 237/208, 237/182 25
10 27.88 266/246, 266/218, 181/166, 181/165 50
11 28.96 341/185, 341/183 50

(10) lon spray voltage.—4000 V.

(11) Dry gas temperature.—350°C.

(12) Dry gas flow rate—10 L/min.

(13) Monitored ion transitions, collision energies, and
fragmentation energies for the 20 pesticides and chlorpyrifos methyl
are shown in Table 2014.09F, and SRM acquisition parameters by
LC/MS/MS for the precursor and product ion transitions monitored
are shown in Table 2014.09G.

(d) Homogenizer.—Rotational speed higher than 13500 r/min
(report also in g-force units; T-25B, Janke & Kunkel, Staufen,
Germany), or equivalent.

(e) Rotary evaporator—Buchi EL131 (Flawil, Switzerland) or
equivalent.

(f) Centrifuge.—Centrifugal force higher than 2879 x g (Z320;
B. HermLe AG, Gosheim, Germany), or equivalent.

(g) Nitrogen  evaporator—EVAP 112 (Organomation
Associates, Inc., New Berlin, MA, USA), or equivalent.

(h) TurboVap.—LV Evaporation System (Caliper Life Sciences,
Hopkinton, MA, USA), or equivalent.

(i) Visiprep 5-port flask vacuum manifold—RS-SUPELCO
57101-U (Sigma-Aldrich Shanghai Trading Co., Ltd). See Figure
2014.09.

(j) Variable volume pipets.—10 pL, 200 pL, and 1 mL.

(k) Balance.—Capable of accurately measuring weights from
0.05 to 100 g within +0.01 g.

Table 2014.09E. Gradient elution conditions for LC/MS/MS analysis

F. Extraction and Cleanup Procedure

(a) Sample extraction.—(1) Weigh 5 g dry tea powder (accurate
to 0.01 g) into an 80 mL centrifuge tube.

(2) Add 15 mL acetonitrile.

(3) Homogenize at 13500 rpm for 1 min.

(4) Centrifuge at 2879 x g for 5 min at room temperature.

(5) Transfer the supernatant into a pear-shaped flask.

(6) Re-extract the sample with 15 mL acetonitrile, homogenize,
centrifuge, and combine the supernatants from the two extractions.

(7) Concentrate the extract to approximately 1 mL in a rotary
evaporator (or TurboVap) in a 40°C water bath.

(8) Place a pear-shaped flask in the vacuum manifold.

(9) Mount a Cleanert TPT cartridge onto the manifold.

(10) Add anhydrous sodium sulfate (approximately 2 cm) onto
the Cleanert TPT packing material.

(11) Add 10 mL acetonitrile-toluene (3 + 1, v/v) to activate the
cartridge.

(12) Stop the flow through the cartridge when the liquid level in
the cartridge barrel has just reached the top of the sodium sulfate
packing.

(13) Discard the waste solution collected in the pear-shaped
flask and replace with a clean pear-shaped flask.

(b) SPE cleanup.—(1) Load the concentrated extract from
F(a)(7) into the conditioned Cleanert TPT cartridge collecting
the eluate into the clean pear-shaped flask.

(2) Rinse the pear-shaped flask that contained the concentrated
extract with 3 x 2 mL acetonitrile—toluene (3 + 1, v/v).

Mobile phase A Mobile phase B

Step Time, min Flow rate, uL/min (0.1% formic acid in water, %) (acetonitrile, %)
0 0.00 400 99.0 1.0
1 3.00 400 70.0 30.0
2 6.00 400 60.0 40.0
3 9.00 400 60.0 40.0
4 15.00 400 40.0 60.0
5 19.00 400 1.0 99.0
6 23.00 400 1.0 99.0
7 23.01 400 99.0 1.0
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Table 2014.09F. LC/MS/MS retention times, ion transitions, collision energies, LODs, and LOQs for the 20 pesticides of interest in

this study
Quantifying Qualifying
precursor/ precursor/
Retention production product ion Collision

No. Pesticide time, min transition, m/z transition, m/z energy, V Fragmentation, V. LOQ, pg/kg LOD, pg/kg
ISTD Chlorpyrifosmethyl 16.01 322.0/125.0 322.0/290.0 15; 15 80

1 Imidacloprid 3.81 256.1/ 209.1 256.1/175.1 10; 10 80 22.0 11.0

2 Propoxur 5.89 210.1/111.0 210.1/168.1 10; 5 80 244 12.2

3 Monolinuron 6.83 215.1/126.0 215.1/148.1 15; 10 100 3.6 1.8

4 Clomazone 8.3 240.1/125.0 240.1/89.1 20; 50 100 0.4 0.2

5 Ethoprophos 11.37 243.1/173.0 243.1/215.0 10; 10 120 2.8 14

6 Triadimefon 11.64 294.2/69.0 294.2/197 1 20; 15 100 7.9 3.9

7 Acetochlor 12.94 270.2/224.0 270.2/148.2 5; 20 80 47.4 23.7

8 Flutolanil 13.25 324.2/262.1 324.2/282.1 20; 10 120 1.1 0.6

9 Benalaxyl 14.40 326.2/148.1 326.2/294.0 15; 5 120 1.2 0.6
10 Kresoxim-methyl 14.58 314.1/267 314.1/206.0 5;5 80 100.6 50.3
1 Picoxystrobin 14.99 368.1/145.0 368.1/205.0 20; 5 80 8.4 4.2
12 Pirimiphos-methyl 15.05 306.2/164.0 306.2/108.1 20; 30 120 0.2 0.1
13 Diazinon 15.20 305.0/169.1 305.0/153.2 20; 20 160 0.7 0.4
14 Bensulide 15, 45 398.0/158.1 398.0/314.0 20; 5 80 34.2 171
15 Quinoxyfen 16.60 308.0/197.0 308.0/272.0 35; 35 180 153.4 76.7
16 Tebufenpyrad 16.82 334.3/147.0 334.3/117.1 25; 40 160 0.3 0.1
17 Indoxacarb 16.76 528.0/150.0 528.0/218.0 20; 20 120 7.5 3.8
18 Trifloxystrobin 16.82 409.3/186.1 409.3/206.2 15; 10 120 2.0 1.0
19 Chlorpyrifos 17.65 350.0/198.0 350.0/97.0 20; 35 100 53.8 26.9
20 Butralin 17.98 296.1/240.1 296.1/222.1 10; 20 100 1.9 1.0

(3) Load the rinse into the cartridge when the level of the loading
solution in the cartridge reaches the top of the anhydrous sodium
sulfate packing.

(4) Connect a 30 mL reservoir onto the upper part of the
cartridge using an adapter (See Figure 2014.09).

(5) Elute the cartridge with 25 mL acetonitrile—toluene (3 + 1,
V/v).

(6) Evaporate the eluate to approximately 0.5 mL using a rotary
evaporator (or TurboVap) in a 40°C water bath.

For GC/MS and/or GC/MS/MS analysis only:

(7) Add 40 pL heptachlor epoxide (internal standard; ISTD)
working standard solution to the sample in F(b)(6).

(8) Evaporate to dryness under a stream of nitrogen in a 35°C
water bath (or Turbo Vap).

(9) Dissolve the dried residue in 1.5 mL hexane, ultrasonicate
the samples to mix, and filter through a 0.2 pm membrane filter.
The sample is ready for GC/MS or GC/MS/MS analysis.

For LC/MS/MS analysis only:

(10) Add 40 pL chlorpyrifos methyl (ISTD) working standard
solution to the sample prepared in F(b)(6).

(11) Evaporate to dryness under a stream of nitrogen in a 35°C
water bath (or Turbo Vap).

(12) Dissolve the dried residue in 1.5 mL acetonitrile—water (3 +
2, v/v), ultrasonicate the samples to mix, and filter through a 0.2 pm
membrane filter. The sample is ready for LC/MS/MS analysis.

G. Qualitative and Quantitative Analysis
(a) Criteria for qualitative identification and confirmation.—

(1) Measure the retention time of the monitored peaks and match
them with the same peaks in the pesticide standard chromatograms.

Table 2014.09G. SRM acquisition parameters by LC/MS/MS analysis for the 20 pesticides

Group Start time, min Monitored ion transitions, m/z Dwell time, ms
1 0 256.1/209.1, 256.1/175.1, 210.1/111.0, 210.1/168.1, 240.1/125.0, 240.1/89.1, 243.1/173.0, 30
243.1/215.0, 294.2/69.0, 294.2/197.1, 215.1/126.0, 215.1/148.1
2 12 270.2/224.0, 270.2/148.2, 306.2/164.0, 306.2/108.1, 324.2/262.1, 324.2/282.1, 326.2/148.1, 20
326.2/294.0, 305.0/169.1, 305.0/153.2, 314.1/267.0, 314.1/206.0, 322.0/125.0, 322.0/290.0,
368.1/145.0, 368.1/205.0, 398.0/158.1, 398.0/314.0
3 16.4 334.3/147.0, 334.3/117.1,528.0/150.0,528.0/218.0, 409.3/186.1, 409.3/206.2,296.1/240.1, 25

296.1/222.1, 350.0/198, 350.0/97.0, 308.0/197.0, 308.0/272.0

© 2015 AOAC INTERNATIONAL



Table 2014.09H. Recommended maximum permitted
tolerances for relative ion intensities using a range of mass
spectrometric techniques

Relative intensity GC/MS GC/MS/MS, LC/MS/MS
(% of base peak), % (relative), % (relative), %

>50 +10 +20

>20-50 15 +25

>10-20 +20 +30

<10 +50 +50

(2) Measure the ion abundances for the qualifier ions for the
detected pesticides and verify that they are within the expected
limits. If the peaks match, the presence of the pesticide is confirmed.
See Table 2014.09H.

(b) Quantitative calculations.—(1) Use instrument data
processing software for GC/MS (SIM), GCMS/MS, and/or
LC/MS/MS to calculate a response ratio (measured abundance of
pesticide/measured abundance of heptachlor epoxide for GC and
chlorpyrifos methyl for LC) and construct a five-point matrix-
matched calibration curve of response ratio versus concentration of
pesticide in standard solution.

(2) Using the regression data from the appropriate matrix-
matched calibration curve, calculate the concentration of each
pesticide found in the samples.

(3) If a validated computer system is not being used for
calculations, follow the steps below:

(a) Measure the peak area of each respective standard level for
each pesticide and the peak area of corresponding ISTD.

(b) Calculate the ratio of the analyte response to that of the
ISTD.

(c) Run a linear regression analysis using the ratio of each
pesticide at five different levels with no weighting or 1/x weighting,
where x = concentration.

(d) Measure the peak area of each pesticide found in the sample
and the peak area of corresponding ISTD.

(e) Calculate the amount of each pesticide in the solution
injected from the standard curve.

(f) Calculate the amount of each pesticide present in the sample.

Test results should be reported to two decimal places or four
significant digits.

Reference: J. AOAC Int. 98, 1428(2015)
DOI: 10.5740/jaoacint.15021

Posted: October 13, 2015

© 2015 AOAC INTERNATIONAL
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Recoveries for 41 pesticides in green tea and black tea determined by GC-MS: 70%-94%

No. Pesticides Recovery No. Pesticides Recovery

1. Phorate 84% 22. Procymidone 92%
2. Quintozene 81% 23. Dieldrin 80%
3. Diazinon 85% 24. Methidathion 80%
4. Fonofos 80% 25. Fenamiphos 80%
5. Etrimfos 79% 26. Terbufos 81%
6. Dimethoate 70% 217. Bifenthrin 94%
7. Aldrin 81% 28. Fenpropathrin 89%
8. Vinclozolin 79% 29. Cypermethrin 88%
9. Buprofezin 82% 30. Fenvalerate 90%
10. Metalaxyl 81% 31. Deltamethrin 87%
11. Methyl-parathion 85% 32. Trifluralin 84%
12. Chlorpyrifos 90% 33. Sulfotep 81%
13. Chlorpyrifosmethyl 93% 34. A-HCH 84%
14, Triazophos 84% 35. A-HCH 88%
15. Fenthion 82% 36. B-HCH 83%
16. Malathion 82% 37. Dicofol 85%
17. Fenitrothion 84% 38. p,p'-DDD 79%
18. Triadimefon 78% 39. 0,p-DDD 80%
19. Pendimethalin 81% 40. o,p'-DDT 80%
20. Quinalphos 88% 41. p,p-DDE 80%
21. Phenthoate 81%
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The degradation rate of 271 pesticide residues

in aged Oolong tea at two spray concentrations,
named a and b (a < b), were monitored for 120 days
using GC-tandem MS (GC-MS/MS). To research

the degradation trends and establish regression
equations, determination days were plotted as
horizontal ordinates and the residue concentrations
of pesticide were plotted as vertical ordinates.

Here, we consider the degradation equations of

271 pesticides over 40 and 120 days, summarize

the degradation rates in six aspects (A—F), and
discuss the degradation trends of the 271 pesticides
in aged Oolong tea in detail. The results indicate
that >70% of the determined pesticides coincide
with the degradation regularity of trends A, B,

and E, i.e., the concentration of pesticide will
decrease within 4 months. Next, 20 representative
pesticides were selected for further study at higher
spray concentrations, named c andd (d >c>b >

a), in aged Oolong tea over another 90 days. The
determination days were plotted on the x-axis, and
the differences between each determined result and
first-time-determined value of target pesticides were
plotted on the y-axis. The logarithmic function was
obtained by fitting the 90-day determination results,
allowing the degradation value of a target pesticide
on a specific day to be calculated. These logarithmic
functions at d concentration were applied to

predict the residue concentrations of pesticides at

¢ concentration. Results revealed that 70% of the 20
pesticides had the lower deviation ratios of predicted
and measured results.
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s one of the world’s three major health drinks, tea makes
Aup the majority of exported traditional commodities

of China. The tea plant is prone to be attacked by
various pests and diseases during its growth because it is
mostly planted in warm temperate zones and subtropical areas.
Different kinds of pesticides have been widely used to control
pests and plant diseases of tea in an effort to increase harvest
productivity. However, pesticide residues in tea may cause
damage to human health (1-4). With the strengthening of food
safety policies in different countries and regions of the world,
the awareness of pesticide residues in tea has generated great
public concern (5-8).

The study of degradation regularity of pesticides, together
with a model to simulate the dynamics in a tea sample, can be
applied to analyze and predict pesticide residues in tea. This
research is significant for guiding farmers to spray pesticides
on tea plants in a reasonable way and is helpful for predicting
the risk of pesticide residues in the tea trade. The degradation
of pesticides is a complex process affected by many factors,
including temperature, humidity, sunshine, metals, etc. (9,
10). Many studies have been carried out on the degradation
of pesticides in agricultural products using different kinetic
models (11-13). Ozbey and Uygun (14) investigated the
behavior of some organophosphorus pesticide residues in
peppermint tea during the infusion process. Manikandan et al.
(15) studied the leaching of certain pesticides, such as ethion,
endosulfan, dicofol, chlorpyrifos, deltamethrin, hexaconazole,
fenpropathrin, propargite, quinalphos, and A-cyhalothrin, from
powdered black tea into the brew. Lin et al. (16) studied the
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natural degradation dynamics of bifenthrin, fenpropathrin,
cypermethrin, and buprofezin on new shoots of the Oolong
tea plant using GC. Chen et al. (17) developed a GC-MS method
for the analysis of bifenthrin, cyhalothrin, teflubenzuron,
flufenoxuron, and chlorfluazuron in dried Oolong tea leaf
samples, and then studied the natural degradation of these
pesticides in the leaves of Oolong tea trees and the effect of
processing steps on the residue.

Hitherto, less attention has been given to the degradation of
pesticides in aged tea. To research the degradation regularity
of pesticides in aged tea samples, on the basis of our
previous studies (18-20), the developed GC-MS/MS method
was used to determine the multiresidue of 271 pesticides,
including organonitrogen, organophosphorus, organochlorine,
organosulfur, carbamates, and pyrethroids, in aged Oolong tea
over 3 to 4 months. Meanwhile, the regularity of271 pesticides in
aged Oolong tea determined over 40 and 120 days was discussed
in different aspects according to fitting curves. Subsequently, 20
representative pesticides from different classes were optimized
for further study. At a higher spray concentration, the residues of
the selected 20 pesticides in aged Oolong tea were studied over
90 days to investigate the degradation regularity at different
concentrations. The degradation values of target pesticides
on a specific day could be predicted by the logarithmic
function obtained from plotting the determination time (day) on
the x-axis and the difference between each determined value
and the first-time-determined value of target pesticides on the
y-axis, according to the degradation results of the 20 pesticides
at the higher concentration over 90 days.

Lastly, the proposed procedure was validated by predicting
the pesticide residue at one of the Youden pair concentrations
accordingto the logarithmic function from another concentration.
The predicted values were compared to the measured results,
and they were evaluated by their deviation ratios.

Experimental
Reagents

(a) Solvents.—Acetonitrile, dichloromethane, isooctane,
and methanol (HPLC grade) were purchased from Dikma Co.
(Beijing, China).

(b) Anhydrous sodium sulfate—Analytically pure. Baked at
650°C for 4 h and stored in a desiccator.

(C) Pesticide standards and internal standard (ISTD;
heptachlor epoxide) —Purity >95% (LGC Promochem, Wesel,
Germany).

(d) Stock standard solutions—Weigh 5-10 mg individual
pesticide and chemical pollutant standards (accurate to 0.1 mg)
into a 10 mL volumetric flask. Dissolve and dilute to volume
with methanol, toluene, acetone, acetonitrile, isooctane, etc.,
depending on each individual compound’s solubility. Store all
standard stock solutions in the dark at 0—4°C.

(e) Mixed standard solutions.—Depending on properties and
retention time of each pesticide, all 271 pesticides for GC-MS/
MS analysis are divided into three groups. The concentration of
each mixed standard solution depends on the sensitivity of each
compound for the instrument used for analysis. Mixed standard
solutions should be stored in the dark below 4°C.

Material

(a) SPE cartridge.—Cleanen® Triple Phase of Tea SPE
(Cleanert TPT; 10 mL, 2000 mg; Agela, Tianjin, China).

(b) Homogenizer.—Rotational speed higher than 13 500 rpm
(report also in g-force units; T-25B; IKA-Labortechnik, Staufen,
Germany), or equivalent.

(¢) Rotary evaporator.—Buchi EL131 (Flawil, Switzerland),
or equivalent.

(d) Centrifuge.—Centrifugal force higher than 2879 x g
(Z320; B. HermLe AG, Gosheim, Germany), or equivalent.

(e) Nitrogen evaporator—EVAP 112 (Organomation
Associates, Inc., New Berlin, MA), or equivalent.

Apparatus and Conditions

() GC-MS/MS system.—Model 7890A gas chromatograph
connected toa Model 7000B triple quadrupole mass spectrometer
with electron ionization (EI) source, and equipped with a Model
7693 autosampler with tMass Hunter data processing software
system (Agilent Technologies, Wilmington, DE). GC separation
was achieved on a DB-1701 capillary column (30 m x 0.25 mm
x 0.25 um; Agilent J&W Scientific, Folsom, CA).

(b) Conditions—The oven temperature was programmed as
follows: 40°C hold for 1 min, increase to 130°C at 30°C/min,
increase to 250°C at 5°C/min, increase to 300°C at 10°C/min,
and hold for 5 min. The carrier gas was helium, purity >99.999%;
the flow rate, 1.2 mL/min; the injection port temperature, 290°C;
the injection volume, 1 pL; the injection mode, splitless, purge
on after 1.5 min; the ionization voltage, 70 eV; the ion source
temperature, 230°C; the GC/MS interface temperature, 280°C;
and the ion monitoring mode was multireaction monitor mode.
Each compound is monitored by one quantifying precursor/
product ion transition and one qualifying precursor/product ion
transition.

Preparation Procedures for Aged Tea Samples

Pass Oolong tea leaves (free from the target pesticide after
testing) through 10-mesh and then 16-mesh sieves after initial
blending in a blender. Spread 500 g sieved Oolong tea leaves
uniformly over the bottom of a stainless steel vessel 40 cm in
diameter to await spraying. Accurately transfer a certain amount
of pesticide mixed standard solution into the full-glass sprayer
and spray the tea leaves. Spray while stirring the tea leaves with
a glass rod for uniform coverage. After spraying, continue to
stir the tea leaves for 30 min to dissipate the volatile solvents
from the tea leaves. Place the sprayed tea leaves in a 4 L brown
bottle to avoid exposure to light. Store at room temperature and
continue oscillation blending for 12 h.

Spread the aged tea on the bottom of a flat-bottomed vessel,
draw an X and weigh a total of five portions of aged tea samples
collected from the symmetrical four points of the X and from the
central area. Submit the samples for GC-MS/MS determination,
and calculate the average value of the pesticide content of the
aged tea samples and RSD. When the RSD is <4% for GC-MS/
MS, it can be judged that tea samples have been sprayed and
mixed homogeneously.
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Extraction

Weigh 5 g dry tea powder (accurate to 0.01 g) into a 80 mL
centrifuge tube, add 15 mL acetonitrile, and homogenize at
13500 rpm for 1 min. Centrifuge the mixture at 2879 x g for
5 min, and transfer the supernatant into a pear-shaped flask. Re-
extract the residue with 15 mL acetonitrile and centrifuge the
mixture. Combine the two extracts, and rotary evaporate in a
water bath at 40°C to about 1 mL for cleanup.

Cleanup

Place a pear-shaped flask under the five-port flask vacuum
manifold, and mount a Cleanert TPT cartridge onto the
manifold. Add about 2 cm anhydrous sodium sulfate onto the
Cleanert TPT cartridge packing material, prewash with 10 mL
acetonitrile—toluene (3 + 1, v/v) and discard the effluents to
activate the cartridge. Stop the flow through the cartridge when
the liquid level in the cartridge barrel has just reached the top of
the sodium sulfate packing. Discard the waste solution collected
in the pear-shaped flask and replace with a clean pear-shaped
flask.

Transfer the concentrated sample extract (see Extraction
section) into the SPE cartridge, rinse the sample solution bottle
with 2 mL acetonitrile—toluene (3 + 1, v/v), and repeat this step
thrice, transferring the rinsing liquids to the cartridge. Attach
a 50 mL storage device onto the cartridge, and then elute with
25 mL acetonitrile—toluene (3 + 1, v/v), collecting the effluent
into the pear-shaped flask by gravity feed. Rotary evaporate the
effluent in a water bath at 40°C to about 0.5 mL. Add 40 puL
heptachlor epoxide ISTD to the sample. Evaporate to dryness
under a stream of nitrogen in a 35°C water bath. Dissolve the
dried residue in 1.5 mL hexane, ultrasonicate the sample to mix,
and filter through a 0.2 pm membrane filter. The sample is ready
for GC-MS/MS analysis.

Results and Discussion
Degradation of 271 Pesticides in Aged Oolong Tea

The residues of 271 pesticides in aged Oolong tea were
determined 25 times by GC-MS/MS over 120 days (every
5 days) to monitor their degradation behavior. To study the
degradation regularity of the 271 pesticides in aged Oolong tea,
scatter diagrams at @ and b spray concentrations (¢ and b concns)
over 40 and 120 days were prepared, using determination days
as horizontal ordinates and concentrations of pesticide residues
as vertical ordinates. The degradation equations are summarized
in supplemental Table 1 (at a concn) and supplemental Table 2
(at b concn).

By comparing the degradation equations of pesticides at  and
b concns over 40 and 120 days, it was found that their degradation
trends were different. The trends included the following
aspects: A—the residues of pesticide dropped exponentially
over both 40 and 120 days; B—the residues of pesticide
dropped exponentially over 40 days and logarithmically over
120 days; C—the residues of pesticide dropped logarithmically
over 40 days and logarithmically/polynomially over 120 days;
D—no trend over 40 days, showing only as scatter points
(R2 <0.4), although a dropping trend was seen over 120 days;
E—some dropping trend over 40 days, whereas no trend over

120 days, showing only as scatter points (R2 <0.4); and F—no
trend over either 40 or 120 days, showing only as scatter points
(R2 <0.4). In addition, five pesticides were not detected at either
a or b concn.

The degradation regularity of 271 pesticides was studied
according to the A—F trends. The ratios of pesticides associated
with degradation trends A—F in the 271 pesticides are shown in
Figure 1. It was observed that most of the pesticides followed
the A, B, or E degradation trends. At a concn, the ratios for A, B,
and E were 21.8, 35.1, and 24.4%, respectively, and their total
number was 220, accounting for 81.2% of the 271 pesticides. At
b concn, the ratios for A, B, and E were 25.5, 33.9, and 14.8%,
respectively, and their total number was 201, accounting for
74.2% of the 271 pesticides. These results demonstrate that A,
B, and E degradation trends could represent the main aspects
of the 271 pesticides. That is, most of the pesticides dropped
exponentially over 40 days, and they presented dropping trends
exponentially or logarithmically over 120 days. Although the
ratios of pesticides with other degradation trends were small,
they did represent a certain degree of degradation regularity.
Therefore, all trends (A—F) are discussed below.

Degradation trend A.—Taking propachlor as an example, trend
A degradation rates over 40 and 120 days are shown in Figure 2a
and b, respectively. It is clearly observed that the concentration of
propachlor in aged Oolong tea exponentially decreased with the
increase of intervals. It is indicated that the degradation kinetics of
trend A is a first-order reaction by Equation 1:

C=Cpe(1)

where C is the concentration of each pesticide in aged
Oolong tea, Cy is the initial concentration of each pesticide
in aged Oolong tea, k is degradation rate constant, and ¢ is the
determination time (day).

It can be concluded that without the influence of other factors,
the degradation rate of pesticides in trend A has a direct ratio to
the initial concentration of pesticides in aged Oolong tea. Based
on the first-order reaction model, the half-life of pesticides in
trend A could be calculated by Equation 2:

ty, =In2/k(2)

where #;), is the half-life of the determined pesticide.
Half-lives were calculated according to the degradation
equations of pesticides in trend A listed in supplemental Table 1

40.0
35.0 Baconc, @b conc,
30.0
25.0 24.4
oy 200 - .
4,
15.0
114
10.0 85 - 8.9
0.0 + : S - i

Figure 1. Percentage of pesticides in accordance with degradation
trends A-F in 271 pesticides at a and b concentrations. Values
represent the number of pesticides in accordance with each trend
multiplied by 100 and divided by the total number (271) of pesticides
(% =n x 100/N).
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Figure 2. Degradation profiles of degradation trend A (the profiles
of propachlor are shown as an example) over (a) 40 days and

(b) 120 days. Determination days were plotted as horizontal
ordinates; residue concentrations of pesticide were plotted as
vertical ordinates.

(at a concn) and supplemental Table 2 (at b concn). Degradation
rate constants and their half-lives are also shown in supplemental
Tables 1 and 2. By comparing the & values of @ and b concns
over 40 and 120 days, it can be found that most of the pesticides
in trend A had higher & values over 40 days than over 120 days,
except 12 and 19 pesticides showed the opposite at @ and b
concns, respectively. This finding indicated that the concentration
of most of the pesticides in type A dropped fast in first 40 days,
whereas they decreased slowly in the remaining days. However,
chlorfenapyr, bupirimate, fonofos, and furalaxyl had similar
degradation equations over both 40 and 120 days. For these four
pesticides, therefore, the degradation trend could be expressed by
the degradation equations over 40 days. At a concn, the half-life
of pesticides in degradation trend A ranged from 24.4-223.6 and
44.4-203.9 days according to the degradation equations over 40
and 120 days, respectively. Except for the previously mentioned
four pesticides, the half-life of the other pesticides varied over
40 and 120 days, with the biggest difference being156.9 days.
At b concn, the half-life of pesticides in degradation trend A
ranged from 40.8 to 315.1 and 46.8 to 330.1 days, according to
the degradation equations over 40 and 120 days, respectively.
On the whole, either at @ or b concn, there were great differences
in half-lives over 40 and 120 days. Based on actual conditions,
the half-life calculated by degradation equations over 120 days
was considered to be reasonable. There were 28 pesticides in
accordance with degradation trend A at both @ and b concns.
By comparing k values from their degradation equations over
120 days, 10 pesticides had higher & values at b concn than at a
concn, whereas the remaining 18 pesticides showed the opposite.

Degradation trend B—For degradation trend B, the
concentration of pesticide in aged Oolong tea dropped faster
over 40 days than over the remaining days. From the data in
supplemental Tables 1 and 2, it was clear that the exponential
equation was suitable for the first 40 days, whereas the
logarithmical equation was suitable for 120 days. Taking
chlorfenvinphos as an example, the degradation profiles of
trend B are shown in Figure 3a and b for 40 and 120 days,
respectively.
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Figure 3. Degradation profiles of degradation trend B (e.g.,
chlorfenvinphos) over (a) 40 days and (b) 120 days. Determination
days were plotted as horizontal ordinates; residue concentrations of
pesticide were plotted as vertical ordinates.
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Figure 4. Degradation profiles of degradation trend C (e.g.,
dichlorofop-methyl) over (a) 40 days and (b) 120 days. Determination
days were plotted as horizontal ordinates; residue concentrations of
pesticide were plotted as vertical ordinates.

There were 95 pesticides at a concn and 92 pesticides at b
concn in accordance with degradation trend B, accounting for
35.1 and 33.9% of the 271 pesticides, respectively. Among
them, 50 pesticides were in accordance with degradation trend
B at both a and b concns. The k£ values from the degradation
equations over 40 days were compared, showing that most of
the 36 pesticides had higher & values at a concn versus b concn.

Degradation trend C.—Degradation trend C was similar
to degradation trend B; however, the difference was that the
concentration of pesticides decreased logarithmically over
40 days (Figure 4). There were 7 and 10 pesticides in accordance
with degradation trend C at @ and b concns, respectively. It can
be seen from the raw data that the concentrations of pesticides
at day 5 or 10 day greatly differed from those on the first day.
This logarithmic decrease may be considered the explanation
for degradation trend C.

Degradation trend D.—For degradation trend D, the
concentration of pesticides presented as scatter points with
R? values of <0.4 over 40 days, and most of the dropped trend
could be fitted by exponential and logarithmical curves and a
few fitted by polynomial curves over 120 days (Figure 5). At a
concn, there were 23 pesticides in accordance with degradation
trend D; among them, 15 pesticides decreased exponentially
and 8 decreased logarithmically or polynomially over 120 days.
At b concn, there were 31 pesticides in accordance with
degradation trend D, and 23 pesticides decreased exponentially
over 120 days. By comparison, it was found that 10 pesticides
were in accordance with degradation trend D at both a and b
concns.

Degradation trend E.—Of the 271 pesticides, the ratios of
pesticides in accordance with degradation trend E were third-
ranked among the A-F aspects. The degradation profiles of
4,4'-dibromobenzophenone over 40 and 120 days are shown
as an example of degradation trend E in Figure 6a and b,
respectively. For degradation trend E, the concentrations of
pesticides decreased exponentially or logarithmically over
40 days, whereas no suitable equations could be used to fit the
scatter points over 120 days. It can be seen from supplemental
Tables 1 and 2 that there were 66 pesticides in accordance
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Figure 5. Degradation profiles of degradation trend D (e.g.,
cycluron) over (a) 40 days and (b) 120 days. Determination days
were plotted as horizontal ordinates; residue concentrations of
pesticide were plotted as vertical ordinates.
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Figure 6. Degradation profiles of degradation trend E (e.g.,

4, 4'-dibromobenzophenone) over (a) 40 days and (b) 120 days.
Determination days were plotted as horizontal ordinates; residue
concentrations of pesticide were plotted as vertical ordinates.

with degradation trend E at a concn, and among them, 9 and
21 pesticides were also in accordance with degradation trends
A and B, respectively, at b concn, accounting for 45.5% of
the 66 pesticides. Meanwhile, there were 40 pesticides in
accordance with degradation trend E at 5 concn, but only 3 and
5 of these pesticides corresponded with degradation trends A
and B, respectively, at @ concn. At the same time, there were
24 pesticides in accordance with degradation trend E at both
concentrations, accounting for 36.4 and 60.0% of the pesticides
that were in accordance with degradation trend E at a and b
concns, respectively.

Degradation trend F—Taking kresoxim-methyl as an
example, the profiles of degradation trend F are shown in
Figure 7. The concentrations of the degraded pesticides
presented as scatter points, and no degradation trend can
be found by any of the above-mentioned fitting curves with
R? values >0.4. The unsteadiness properties of these pesticides
in aged Oolong tea during storage might be the reason.
There were 16 pesticides at a concn and 24 pesticides at b
concn in accordance with degradation trend F, accounting for
5.9 and 8.9% of 271 pesticides, respectively. In addition, nine
pesticides were in accordance with degradation trend F at both
concentrations.

This discussion of degradation trends A—F indicates that the
271 pesticides studied here have relatively complex degradation
trends in aged Oolong tea, with various fitting curves at different
concentrations. Among the degradation trends A—F, degradation
trends A, B, and F had higher ratios than the others. All the
pesticides in accordance with degradation trends A, B, and E
decreased exponentially over 40 days and decreased mainly
exponentially or logarithmically over 120 days. In addition,
although no degradation trend was seen for the pesticides of
degradation trend D over 40 days, they decreased mainly
exponentially over 120 days. The conclusion is that pesticides
in tea degrade slowly, with concentrations of pesticides
decreasing within 4 months: at concentration a, the deviation
for each pesticide from day 1 to day 120 falls within the range
0.2-85.6% (mean, 36.4%), whereas at concentration b, the
deviation for each pesticide from day 1 to day 120 falls within
the range 4.0-92.7% (mean, 50.8%).
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Figure 7. Degradation profiles of degradation trend F (e.g.,
kresoxim-methyl) over (a) 40 days and (b) 120 days. Determination
days were plotted as horizontal ordinates; residue concentrations of
pesticide were plotted as vertical ordinates.
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Figure 8. Distributions of pesticides according to different classes
within A—F aspects at a concn. For each degradation trend (x-axis),
percentages (y-axis) were calculated as the number of pesticides in
each class in accordance with the degradation trend multiplied by
100 and divided by the total number of pesticides in the class.

Pesticides in Different Classes

To further investigate the degradation trends, pesticides
in A-F aspects were divided into different classes according
to  organonitrogen, organophosphorus, organochlorine,
organosulfur, carbamates, and pyrethroids, and “others.” Their
distributions can be found in Figures 8 and 9.

It is clear that most of the 271 pesticides are in the
organonitrogen, organophosphorus, and organochlorine classes;
therefore, the pesticides are discussed according to these three
classes. For the pesticides in degradation trend A, most were
organonitrogen and organophosphorus. For degradation trend B,
the number of organophosphorus and organochlorine pesticides
was equal but far below the number of organonitrogen pesticides.
The number of organochlorine pesticides for degradation trend
E was far higher than for organonitrogen and organophosphorus
pesticides, and the number of organophosphorus pesticides was
5 and 3 at @ and b concns, respectively. The organophosphorus
and organochlorine pesticides can be further discussed for
degradation trends A and B combined (A/B) and E. At «
concn, 37.9 and 71.4% pesticides were organochlorine and
organophosphorus, respectively, for degradation trend A/B. At
the same time, 43.1 and 11.9% pesticides were organochlorine
and organophosphorus, respectively, for degradation trend
E. At b concn, the respective percentages of organochlorine
and organophosphorus pesticides for degradation trend A/B
were 41.8 and 71.8%. For degradation trend E, the respective
percentages for organochlorine and organophosphorus
pesticides were 34.5 and 7.7%. These results suggest that most
of the organophosphorus pesticides degraded in accordance
with degradation trends A and B in aged Oolong tea. In contrast,
most of the organochlorine pesticides decreased according to
degradation trend E in aged Oolong tea.
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B organonitrogen Borganochlorine Borganophosphons
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Figure 9. Distributions of pesticides according to different classes
within A-F aspects at b concn. For each degradation trend (x-axis),
percentages (y-axis) were calculated as the number of pesticides in
each class in accordance with the degradation trend multiplied by
100 and divided by the total number of pesticides in the class.
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Practical Application of Degradation Regularity

Degradation regularity of 20 representative pesticides.—The
single-laboratory validation results of AOAC INTERNATIONAL
priority research project, “High-Throughput Analytical
Techniques for the Determination and Confirmation of Residues
of 653 Multiclass Pesticides and Chemical Pollutants in Tea by
GC/MS, GC/MS/MS and LC/MS/MS: Collaborative Study,
First Action 2014.09,” showed that the method could be used for
determination of as many as 653 target pesticides.21 To reduce the
workload and guarantee a smooth AOAC interlaboratory study,
an alternative “shrunken” protocol was proposed by AOAC.
Here, using the shrunken protocol, the pesticides commonly used
in growing tea, as well as those necessary to be determined for
the international tea trade, were selected from the 271 pesticides
determined by GC-MS/MS. It should be noted that these
pesticides, after being sprayed onto tea, are all of relatively good
stability and their polarities are widely representative. On the
basis of the degradation equations in supplemental Tables 1 and 2
and discussions regarding them, 20 representative pesticides
were optimized (see Table 1).

The degradation regularity of the 20 representative pesticides
in aged Oolong tea was studied at ¢ and d concns (d> ¢ > b > a)
over another 90 days by GC-MS/MS. Similarly, their degradation
equations were obtained by plotting the determination time
(every 5 days) on the x-axis and the concentration on the y-axis
(see Table 2). It can be seen from Table 2 that the degradation of
the 20 representative pesticides agrees well with the logarithmic

Table 1. Retention time and monitored ion transitions for
the 20 pesticides by GC-MS/MS

Quantifying Qualifying
Retention precursor/product precursor/product

No. Pesticide time, min ion transition ion transition
ISTD Heptachlor 22.15 353/263 353/282
epoxide
1 Trifluralin 15.41 306/264 306/206
2 Tefluthrin 17.4 1771127 177/101
3 Pyrimethanil 17.42 200/199 183/102
4 Propyzamide 18.91 173/145 173/109
5 Pirimicarb 19.02 238/166 238/96
6 Dimethenamid 19.73 230/154 230/111
7 Fenchlorphos 19.83 287/272 287/242
8 Tolclofos-methyl ~ 19.87 267/252 267/93
9 Pirimiphos-methyl  20.36 290/233 290/125
10 2,4-DDE 22.79 318/248 318/246
1 Bromophos-ethyl  23.16 359/303 359/331
12 4,4'-DDE 23.9 318/248 318/246
13 Procymidone 24.7 283/96 283/255
14 Picoxystrobin 24.75 335/173 335/303
15 Quinoxyfen 27.18 237/208 237/182
16 Chlorfenapyr 27.37 408/59 408/363
17 Benalaxyl 27.66 148/105 148/79
18 Bifenthrin 28.63 181/166 181/165
19 Diflufenican 28.73 266/218 266/246
20 Bromopropylate ~ 29.46 341/185 341/183

equation over 90 days, i.e., the pesticides degraded slowly in
aged Oolong tea over 3 months.

From supplemental Tables 1 and 2, it can been
seen that, except for pirimicarb, fenchlorphos, and
4,4'-dichlorodiphenyldichloroethylene (DDE), the other 17
optimized pesticides dropped exponentially or logarithmically
over 120 days at @ and b concns. At the higher ¢ and d concns,
however, all 20 optimized pesticides dropped logarithmically
over 90 days. Therefore, it can be concluded that their
degradation regularity is in accordance with a logarithmic
equation with spray concentration increasing.

Prediction of pesticide residues in aged Oolong tea.—The
discussion above (see Degradation Regularity of 20
Representative Pesticides section) indicates that the degradation
behavior of the pesticides in aged Oolong tea has certain
regularity. However, it should be noted that this process is
time consuming for multiple determinations. Therefore, it is
necessary to propose a method for predicting the residue of
pesticides in aged Oolong tea. Here, we develop and validate a
prediction method by taking the raw degradation data of ¢ and
d concns.

Based on the results of pesticides in aged Oolong tea
determined by GC-MS/MS over 90 days (from the raw data
of d concn), trend charts (eg, dimethenamid, see Figure 10)
were plotted, with determination time (day) on the x-axis and
the difference between each measured value and the first-
time-measured value (degradation value) of target pesticides
on the y-axis. The logarithmic equations were obtained by
fitting the 90-day determination results. From these equations,
the degradation value of any of the 20 target pesticides at any
specific day could be calculated and applied to the raw data
generated for that pesticide in a particular laboratory.

The logarithmic functions of the 20 pesticides at d
concn (listed in Table 3) were applied to predict the residue
concentrations of pesticides in aged Oolong tea at ¢ concn. The
predicted residue of each pesticide on a particular day could be
obtained by subtracting the degradation value of this day from
the concentration of the first day.

Accordingly, the residue concentrations of 20 pesticides
in aged Oolong tea at different 5-day degradation intervals
(days 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, and 90) after spraying at ¢ concn were predicted, and
they were compared with the measured results determined by
GC-MS/MS (see Tables 4 and 5). It can be seen from Tables 4
and 5 that the deviation ratios of trifluralin, tefluthrin, and
dimethenamid were higher as compared to other pesticides at
different intervals, with deviation ratio ranges of —23.1 to 21.5,
12.2-26.0, and 6.6-24.0%, respectively. They were followed by
pirimiphos-methyl, tolclofos-methyl, and fenchlorphos, with
deviation ratio ranges of —2.8 to 21.8, 5.8 to 23.1, and —2.0 to
24.4%, respectively. The remaining 14 pesticides had relatively
lower deviation ratios, except for part of the intervals. It can be
also seen that the lowest deviation ratios of the 20 pesticides
were different. The numbers of pesticides that had the lowest
deviation ratios at the 20-, 30-, and 45-day intervals were 4, 9,
and 3, respectively. In addition, the highest deviation ratio of
2,4'-DDE, 4,4'-DDE, and bromopropylate was found at days
85, 85 (which were close to the deviation ratios at day 80),
and 35, respectively, whereas for all the other pesticides, the
highest deviation ratio was found at day 80. This finding could
be due to the results at day 80 being abnormal. To evaluate
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Table 2. Degradation equations of 20 representative pesticides in aged Oolong tea at c and d concns over 90 days by
GC-MS/MS?

¢ Concn d Concn

No. Pesticide Initial value Equation over 90 days R? Initial value Equation over 90 days R?

1 Trifluralin 2144 y = =6.93In(x) + 222.0 0.548 248.6 y ==14.1In(x) + 249.5 0.787
2 Tefluthrin 106.1 y = —4.52In(x) + 105.4 0.742 122.6 y =-7.94In(x) + 117.8 0.832
3 Pyrimethanil 116.9 y = =5.96In(x) + 120.1 0.693 124.7 y = =8.06In(x) + 126.1 0.77
4 Propyzamide 119.6 y = —4.06In(x) + 125.0 0.512 126.6 y = -5.73In(x) + 130.7 0.598
5 Pirimicarb 114.7 y = -6.65In(x) + 119.5 0.822 126.2 y =-9.11In(x) + 128.6 0.873
6 Dimethenamid 46.2 y =-2.23In(x) + 47.66 0.702 51.9 y = -3.52In(x) + 52.19 0.86
7 Fenchlorphos 240.3 y =-=10.1In(x) + 245.1 0.533 267.4 y = -15.5In(x) + 263.7 0.785
8 Tolclofos-methyl 116.7 y ==4.00In(x) + 118.1 0.543 130.5 y = =7.08In(x) + 129.6 0.78
9 Pirimiphos-methyl 113.0 y = -5.43In(x) + 117.0 0.74 126.3 y =-8.31In(x) + 127.9 0.867
10 2,4'-DDE 451.7 y ==21.7In(x) + 463.0 0.794 466.9 y = =26.4In(x) + 476.8 0.824
11 Bromophos-ethyl 116.0 y =-5.74In(x) + 119.4 0.686 124.2 y = -7.74In(x) + 126.7 0.784
12 4,4'-DDE 451.7 y =-20.2In(x) + 460 0.768 466.9 y = -24.6In(x) + 473.3 0.805
13 Procymidone 117.9 y = -4.22In(x) + 120.5 0.587 120.3 y = -5.34In(x) + 123.3 0.733
14 Picoxystrobin 234.0 y =-10.7In(x) + 240.3 0.717 236.0 y =-12.3In(x) + 244.3 0.774
15 Quinoxyfen 115.9 y = =6.64In(x) + 122.1 0.667 116.4 y ==6.57In(x) + 119.3 0.653
16 Chlorfenapyr 965.0 y = —36.0In(x) + 984.2 0.579 966.0 y = -42.4In(x) + 995.3 0.65
17 Benalaxyl 116.8 y = =6.24In(x) + 121.7 0.763 118.9 y ==7.50In(x) + 124.2 0.746
18 Bifenthrin 112.9 y =-5.87In(x) + 116.2 0.653 114.8 y =-7.09In(x) + 119.1 0.728
19 Diflufenican 118.6 y =-5.93In(x) + 122.9 0.571 119.4 y = -5.86In(x) + 122.3 0.576
20 Bromopropylate 237.4 y =-11.3In(x) + 249.2 0.524 240.0 y =-12.1In(x) + 248.9 0.647

a

the deviation ratio accurately, the deviation ratio ranges of the
pesticides were recalculated without the interval data of day 80

The degradation equations were obtained by plotting determination time (every 5 days) on the x-axis and concentration on the y-axis.

Table 3. Logarithmic functions of 20 pesticides in aged
Oolong tea at d concn®

(see Table 5). . L . No. Pesticide Logarithmic function R?
Among the above-mentioned remaining 14 pesticides, ] E— 12,2100 + 3,401 0708
.. . . ririuralin = . n(x B .
the deviation ratios were <15%, with most <10%, except ! a. v
for pirimicarb and bromophos-cthyl, which had the highest 2 Tefluthrin y =6.336In(x) + 10.94 0.641
deviation ratios of 17.1 and 16.8%, respectively, and quinoxyfen 3 Pyrimethanil y = 8.822In(x) - 5.055 0.758
and benalaxyl, which had the lowest deviation ratios of —24.3 4 Propyzamide y = 6.399In(x) — 4.981 0.620
and —16.0%, respectively. It is evident that the proposed method 5 Pirimicarb y = 9.929In(x) - 5.560 0.800
for predictil?g thf: residuf: concentrations of pesticides in aged 6 Dimethenamid y = 3.836In(x) - 1.264 0.807
Oolong tea in this study is accurate. 7 Fenchlorphos y = 18.07In(x) - 9.564 0.768
The initial values of pesticides at ¢ and d concns, together 8 Torclof i 7 46110 + 0.113 0.698
with their deviation ratios, are also listed in Table 5. It can _o_clo os-methy y=7.461In(x) * 0. :
be seen that the six pesticides with relatively higher deviation  ° Pirimiphos-methyl y =8.866In(x) - 3.763 0.781
10 2,4'-DDE y =29.77In(x) - 22.61 0.748
200 + Diffisthienamid 11 Bromophos-ethyl y = 9.26In(x) - 7.603 0.757
| 12 4,4-DDE y = 29.07In(x) - 23.00 0.705
ey 130 1 ¢ 13 Procymidone y = 6.414In(x) - 7.533 0.600
o4
S 14 Picoxystrobin =15.28In(x) - 19.24 0.740
=1} | Y y
z 100 ® v =3.8368In(x) - 1.2641 .
S 15 Quinoxyfen y = 6.511In(x) - 3.341 0.744
50 | Ve R*=0.8072
e 16 Chlorfenapyr y =45.47In(x) - 38.61 0.630
00 4 , , , . , 17 Benalaxyl y =9.157In(x) - 12.91 0.722
0 20 40 60 80 100 18 Bifenthrin y = 8.334In(x) - 9.895 0.761
days 19 Diflufenican y = 7.221In(x) - 8.177 0.730
20 Bromopropylate y =15.97In(x) - 23.75 0.596

Figure 10. Logarithmic chart of dimethenamid in aged Oolong
tea. The determination times (days) were plotted on the x-axis, and
the differences between each measured value and the first-time-
measured value (degradation value) of target pesticides were
plotted on the y-axis.

a

Determination time (day) was plotted on the x-axis and the difference
between each measured value and the first-time-measured value

(degradation value) of the target pesticides was plotted on the y-axis,
and then the logarithmic functions were fitted.
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Table 4. Deviation ratios of predicted and determined results of c concn at different time intervals®

Time interval, days

No. Pesticide 5 10 %5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
1 Trifluralin 13.3 141 116 -229 210 154 141 180 116 16.0 -231 178 10.0 19.2 114 215 203 20.2
2 Tefluthrin 15.2 17.4 16.0 141 151 255 161 19.7 122 235 203 207 178 206 212 26.0 253 214
3 Pyrimethanil 54 12 97 36 35 77 62 90 03 11 66 88 63 11.7 104 20.0 13.7 141
4 Propyzamide 6.9 14 99 36 49 76 92 71 00 14 34 86 89 86 7.8 154 124 104
5 Pirimicarb 7.4 19 107 57 95 137 116 112 81 157 85 126 115 132 134 206 17.1 145
6 Dimethenamid 9.4 130 114 66 153 180 176 163 79 175 123 172 137 199 170 240 214 189
7 Fenchlorphos 6.5 128 113 -20 92 128 41 120 80 139 38 156 16.0 17.7 127 244 193 185
8 Tolclofos-methyl 9.5 137 118 58 119 94 82 136 92 161 97 170 158 174 145 231 199 176
9 Pirimiphos-methyl 9.2 139 130 61 12 101 92 131 -28 131 113 135 129 16.0 149 218 206 17.6
10 2,4-DDE 0.8 5.6 70 45 41 -01 53 26 02 73 57 41 04 43 6.7 108 1.3 46
1 Bromophos-ethyl 3.8 105 108 24 80 12 56 60 57 105 34 116 92 132 107 178 16.8 124
12 4,4-DDE 0.4 5.2 64 39 35 -09 45 18 -07 64 54 45 04 52 79 108 114 56
13 Procymidone -2.2 4.0 57 44 37 -39 63 -05 -23 48 20 39 -26 19 62 98 86 29
14 Picoxystrobin -3.6 27 55 40 25 -32 84 -29 -07 32 04 32 -49 21 62 89 71 01
15 Quinoxyfen 23 1.2 101 41 12 -243 81 -60 -89 07 -12 21 -24 45 56 147 61 32
16 Chlorfenapyr -1.9 4.6 62 20 29 -56 67 -47 -18 31 -27 37 -10 23 40 84 60 -16
17 Benalaxyl -4.2 4.2 46 40 30 -160 68 -42 -97 46 17 43 -34 30 74 87 65 -02
18 Bifenthrin -4.6 4.3 54 78 31 -01 100 -42 -95 35 42 47 -30 37 89 11 78 -03
19 Diflufenican -2.2 9.1 73 20 18 -118 95 -56 -79 05 -26 23 -31 47 66 135 82 25
20 Bromopropylate ~ -0.8 9.1 73 -05 60 -86 105 -6.0 -23 21 -17 45 -38 100 69 102 74 03

& Values are deviation ratios (%) calculated as (determined result — predicted value) x 100 + determined result.

ratios of predicted and measured results also have the relatively decrease of the deviation ratio of initial values, the deviation
higher deviation ratios of their initial values (10.1-13.7%). ratio of predicted and measured results gets smaller. It can
However, the deviation ratios of initial values of the other 14 be concluded that the closer their initial values, the better the

pesticides were <10%, with a range of 0.1-9.1%. With the results obtained.

Table 5. Initial values of c and d concns and the range of deviation ratios of predicted and determined results

Initial value Range of deviation Revised range of deviation

No. Pesticide ¢ Concn, pg/kg d Concn, pglkg  Deviation ratio, % ratio, %" ratio, %°

1 Trifluralin 214.4 248.6 13.7 -23.1t021.5 -23.1t021.0
2 Tefluthrin 106.1 122.6 13.5 12.2-26.0 12.2-25.5
3 Pyrimethanil 116.9 124.7 6.3 0.3-20.0 0.3-14.1

4 Propyzamide 119.6 126.6 55 0-15.4 0-12.4

5 Pirimicarb 114.7 126.2 9.1 5.7-20.6 5.7-17.1

6 Dimethenamid 46.2 51.9 11.1 6.6-24.0 6.6-21.4

7 Fenchlorphos 240.3 267.4 10.1 -2.0t024.4 -2.0t0 19.3
8 Tolclofos-methyl 116.7 130.5 10.5 5.8-23.1 5.8-19.9

9 Pirimiphos-methyl 113.0 126.3 10.6 -2.8t021.8 -2.8t0 20.6
10 2,4'-DDE 451.7 466.9 3.3 -0.1t0 11.3 -0.1t0 11.3
1 Bromophos-ethyl 116.0 124.2 6.6 1.2-17.8 1.2-16.8
12 4,4'-DDE 451.7 466.9 3.3 -09to 11.4 -0.9to 11.4
13 Procymidone 117.9 120.3 2.0 -3.9t09.8 -3.9t0 8.6
14 Picoxystrobin 234.0 236.0 0.9 -49t08.9 -49t08.4
15 Quinoxyfen 115.9 116.4 0.4 -24.3t0 14.7 -24.3t011.2
16 Chlorfenapyr 965.0 966.0 0.1 -5.6t0 8.4 -5.6t06.7
17 Benalaxyl 116.8 118.9 1.7 -16.0t0 8.7 -16.0to 7.4
18 Bifenthrin 112.9 114.8 1.7 -9.5t0 11.1 -9.5t0 10.0
19 Diflufenican 118.6 119.4 0.7 -11.8t013.5 -11.8t09.5
20 Bromopropylate 237.4 240.0 1.1 -8.6t0 10.5 -8.6t0 10.5

@ Deviation ratios are calculated as (d Concn - ¢ concn) x 100 + d concn.

P Between predicted and determined results.

¢ Between predicted and determined results without the 80-day interval results.
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Conclusions

In summary, the degradation regularity of 271 pesticides in
aged Oolong tea over 120 days was studied by the developed
GC-MS/MS method. The results indicate that >70% of the 271
pesticides decreased exponentially or logarithmically in aged
Oolong tea, confirming that the pesticides in aged Oolong tea
degrade slowly and the concentrations of pesticides decrease
with the increase of time intervals over 4 months. Further
discussion of the different classes of pesticides suggests
that most of the organophosphorus pesticides degraded in
accordance with degradation trends A and B in aged Oolong
tea and that most of the organochlorine pesticides decreased
according to degradation trend E in aged Oolong tea.

The pesticide residues in aged Oolong tea were predicted
accurately by subtracting the degradation value of target
pesticides on a specific day from the logarithmical curves,
generated by plotting determination time (day) and the difference
between each measured value and first-time-measured value of
target pesticides on the x- and y-axes, respectively. The predicted
results of 14 pesticides were satisfactory by comparing them with
measured results at one of the concentrations of the Youden pair.

It is our hope that the obtained degradation regularity of 271
pesticides in aged Oolong tea will be helpful for studying the
stability of standard material of multipesticide residues in tea. In
addition, we propose that the prediction procedure of pesticides
in aged Oolong tea in the present study may offer a new method
for the error analysis of multiresidue of pesticides in other
complex matrixes of international, interlaboratory study.
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EXPERT REVIEW PANEL, METHOD BACKGROUND, AND CONCLUSIONS

Criteria for Vetting Methods to be considered:

AOAC convened the Official Methods of Analysis®™ (OMA) Expert Review Panel for Pesticide Residues on
Monday, September 8, 2014 from 4:30pm to 7:30pm during the AOAC Annual Meeting and Exposition in Boca
Raton, Florida. The purpose of the meeting was to 1) Review the Collaborative Study Manuscript/ OMAMAN-14:
High-Throughput Analytical Techniques For The Determination And Confirmation Of Residues Of 653 Multi-Class
Pesticides And Chemical Pollutants In Tea By GC-MS, GC-MS/MS And LC-MS/MS (Study Director: Guo-Fang Pang,
Chun-Lin Fan,Yan-Zhong Cao, Fang Yang, Yan Li, Jian Kang, Hui Chen, Qiao-Ying Chang, Chinese Academy of
Inspection and Quarantine, No. 3 Gaobeidian North Rd 100123, Chaoyang District, Beijing, People’s Republic of
China) and to 2) discuss First to Final Action requirements and feedback mechanisms. The candidate method
was reviewed against the approved collaborative study protocol. Supplemental information was also provided to
the reviewers which included the collaborative study manuscript, Appendix 1.1-1.5 Analytical Instrumentation
used in the Collaborative Study, Appendix 2 Determination Results of Collaborative Study, Appendix 3: Results of
Practice Samples, Appendix 4: The Statistical Results, and an Journal Article: High-Throughput GC-MS and HPLC-
MS/MS Techniques for the Multiclass, multiresidue Determination of 653 Pesticides and Chemical Pollutants in
Tea.

Criteria for Vetting Experts and Selection Process:

The following seven (7) candidates and one (1) alternate member were submitted for consideration by the
Official Methods Board to evaluate candidate methods for Pesticide Residues methods as per the Expert Review
Panel (ERP) Policies and Procedures. The candidates were highly recommended by the Chemical Contaminants
and Residues in Foods Community, have participated in various AOAC activities, including but limited to, Method
Centric Committees that were formed under the legacy OMA pathway, and were vetted by the Official Methods
Board. The experts are Amy Brown, Jo Marie Cook (Alternate), Julie Kowalski, John Reuther, Marina Torres, Jian
Wang, and Xiaoyan Wang.

ERP Orientation:
The ERP members have completed the mandatory AOAC Expert Review Panel Orientation Webinar on
Wednesday, July 16, 2014.

Expert Review Panel Meeting Quorum

The meeting of the Expert Review Panel was held in person. A quorum is the presence of seven (7) members or
2/3 of the total vetted ERP, whichever is greater. Seven (7) out of the seven (7) voting members were present
and therefore met a quorum to conduct the meeting.

Standard Method Performance Requirements (SMPRs): N/A

Conclusion:

The Expert Review Panel reviewed OMAMAN-14: High-Throughput Analytical Techniques For The Determination
And Confirmation Of Residues Of 653 Multi-Class Pesticides And Chemical Pollutants In Tea By GC-MS, GC-
MS/MS And LC-MS/MS and adopted this method for First Action Official Method status by a unanimous decision
with additional revisions as noted in the meeting minutes.

Subsequent ERP Activities:
ERP members will continue to evaluate the method for 2 years.
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MEETING MINUTES

Welcome and Introductions
The Expert Review Panel Chair, Dr. Joe Boison welcomed Expert Review Panel members and initiated
introductions. The Chair discussed with the panel the goal of the meeting.

Review of AOAC Volunteer Policies

Deborah McKenzie presented an overview of AOAC Volunteer Policies, Volunteer Acceptance Agreement and
and Expert Review Panel Policies and Procedures which included Volunteer Conflicts of Interest, Policy on the
Use of the Association, Name, Initials, Identifying Insignia, Letterhead, and Business Cards, Antitrust Policy
Statement and Guidelines, and the Volunteer Acceptance Form (VAF). All members of the ERP were required
to submit and sign the Volunteer Acceptance Form.

Expert Review Panel Process Overview and Guidelines

Deborah McKenzie presented an overview of the Expert Review panel process. The presentation included
information regarding method submission, recruitment of ERP members, composition and vetting expertise,
method assignments, meeting logistics, consensus, First Action to Final Action requirements, method
modifications, publications, and documentation.

Review of Methods

All ERP members presented a review and discussed the proposed collaborative study manuscript for High-
Throughput Analytical Techniques for the Determination and Confirmation of Residues of 653 Multi-Class
Pesticides and Chemical Pollutants in Tea by GC-MS, GC-MS/MS and LC-MS/MS. The method author, Dr. Guo-
Fang Pang of the Chinese Academy of Inspection and Quarantine, was present and able to address questions
and concerns of the ERP members. A summary of comments was provided to the ERP members."

MOTION:

Motion by Wang, J.; Second by Reuther that this method be recommended for First Action Official
Method Status.

Consensus demonstrated by: 7 in favor, 0 opposed, and 0 abstentions (Unanimous). Motion Passed.

MOTION:

Motion by Wang, J.; Second by Brown that the revisions requested by the ERP be provided for review.
e Provide data on the parameters of the method for all of the 653 Analytes
e Provide clarity to the text
e Include the data on hydration

Consensus demonstrated by: 7 in favor, 0 opposed, and 0 abstentions (Unanimous). Motion Passed.

Discuss Final Action Requirements for First Action Official Methods (if applicable)
No further action was discussed at this time.

Adjournment

! Attachment 1: Summary of Expert Reviewer Comments for OMAMAN-14
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I
TECHNICAL INFORMATION
e Background and History
Research background: development of the analytical technique for multi-residues in tea

becomes imperative.

The threshold of limit for pesticide residues in tea is high for international trade. At present, there are 17 countries
and international organizations that have stipulated MRL levels for over 800 pesticide residues in tea*.
The high threshold of international trade from limit of pesticide residue in tea
493
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° _usa Japan— Germany CAC
(2001) (2010) (2010) (2001) (2009) (2005)
*EU, Germany, Holland, Switzerland, Hungry, Israel, CAC, China, Japan, Chinese Taiwan, Korea, USA, Australia, India, Kenya and South Africa

(til 2006).

2
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http://ec.europa.eu/sanco_pesticides/public/index.cfm
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e Chemical Structure of 653 multi-residue pesticides in tea for AOAC
Official Method 2014.19 First action

Pesticide quantities and ratios (%)

Quantities 283 133 83 51 36 14 53
Ratios 43.3% 20.4% 12.7% 7.8% 5.5% 2.1% 8.1%

300 -

itrogen Carbamate Pyrethroid Organicsulfur Others

250 -
200 -
150
100
53
50
- - N
0 _ e
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* Physiology (biological function) of 653 multi-residue pesticides in tea
for AOAC Official Method 2014.19 First action

Pesticide quantities and ratios (%)

Quantities 302 190 132 14 3 2 10
[ Raties | 462% | 291% [ 202% | 2.1% | 05% | 03% [ 15% |
350 -
302
300 -
250 -
200 - 190
150 - 132
100 -
50 - 14 3 ) 10
0 - T T T T T T
Insecticide Herbicide Bactericide Plant growth Rodenticide Repellent Others
regulator
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I
REGULATORY INFORMATION
¢ Regulatory Organizations
» Safe level; tolerances; maximum levels (EU and Japan)

MRL | ND-0.001 0.001-0.005 | 0.005-0.010 | 0.010-0.050 0.050-0.20 0.20-1.0 >1.0 MRLs.
EU 0 1 26 259 111 4 0 401
Japan 6 3 1 46 52 30 96 234
300 259 =EU = Japan
250
200
150
111 9%
100
6 2
1 1
0 | e m—t— = -
ND-0.001 0.001-0.005  0.005-0.010  0.010-0.050  0.050-0.20 0.20-1.0 >1.0 ng/kg
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I
REGULATORY INFORMATION

* Regulatory Organizations

e Expected concentration for identity methods (A0Ac Official Method 2014.09)

250 4 B GC-MS 300 - ®GC-MS
0GC-MS/MS DGC-MS/MS
200 | BLC-MS/MS 250 BLC-MS/MS

150 -

100 -

LOD
50 -
o
&.@* m-@% QQ\“ R & @'\9 f&’\? A
m@v @“6 @\w & & S Q S N
ng/kg ng/kg
I I I I D D D D N ¢



001-0.005 0.005-0

AOAC EXPERT R PEI. FRPE ESIDUES

RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
INSTITUTE  \wgpNESDAY, SEPTEMBER 21, 2016

I
SUMMARY OF METHOD INCLUDING METHOD SCOPE/APPLICABILITY

e Supporting Data including Method Optimization, Analytical
Ranges, Accuracy and Recovery, Precision, Reproducibility and System
Suitability

AOAC EXPERT REVIEW PANEL FOR PESTICIDE RESIDUES
. RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
INSTITUTE  \wEpNESDAY, SEPTEMBER 21, 2016

I
ESingle-laboratory validation: the methodology study of this high-throughput

technique experienced 9 stages for 4 vears from 2009-2013, with 511929 data obtained, and
I 7 papers were published in J. AOAC Int. I

2012.10-2013.09: 24624 data

2011.10.27-2012.9.13 : 19920 data Usm.g. ljleld trlals' to study pesticide degrading regularities in tea and
stabilities of tea incurred samples

2011.1.27-2011.3.8 : 19937 data

ZDIOCRIZA & TR it in AOAC collaborative study

probe into the deviation ratios of predicted values of dynamic
degradation equation with actual values
Ruggedness Verification of Ruggedness of the method by designing 8
different analytical procedures for 210 pesticides 2009.11.09-2010.02.07 : 189744 data

2010.05.13-2010.08.12 : 47216
data

|

@ Study on the stability of 271 pesticides in tea Youden pair samples 2009. 07.05-2009.10.69: 129800 data

|

@ Study on the stability of 340 pesticides in tea 2009.03.31-2000.06.31: 81420 data

I

Study on the stability of mixed standard solutions of 460 pesticides 2008.11.26 2009, 02. 26: 28510 date

l
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Ha three-group Cleanert TPT Cartridge has been developed, which has a unique
cleanup effect on 653 chemical compounds in tea.

An exclusive cleanup column for tea has been optimized and selected by a comparative study of
the cleanup results from 6 cleanup materials.

removes the pigments
in tea without
absorbing the target

pesticides )

removes foreign matters
such as volatile organic
acids, tea polyphenol, etc.

~

removes pigments and
foreign matters other

Cleanert

TPT

Patent number: 201310056873

than theophylline
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I

ESpecial study on the effect of tea hydration on the efficiency of the analytical method

Correlation comparison of fortified recoveries of 456 pesticides with pesticide logKow values with the
three methods of M1, M2 and M3

329 out of 456 pesticides have been found to have logKow values (logKow range: -0.75~+8.20). A
scatter diagram is drawn with logKow as horizontal ordinate and recoveries as vertical ordinate, and a chart of
correlations of recoveries for the three methods at three fortification levels with pesticide polarities is derived.

The pesticide number within 70-120% recovery at three fortification levels

1so 1 Omg kg WL ]
M1 = e e el =4
B o =&
M2|-- s
2 B ;;;..mw).“a Sad
M3| ]|
g B

Diagram of correlation distribution of pesticide recoveries with logKow within the

range of -0.77~8.20 at three fortification levels of M1, M2 and M3
e 4 1 1 4 1 |
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I
ESpecial study on the effect of tea hydration on the efficiency of the analytical method

Correlation comparison of fortified recoveries of 456 pesticides with pesticide logKow values with the
three methods of M1, M2 and M3

100.0

80.0

Spiked level 0.1mg/kg

60.0

40.0

average of REC

20.0

0.0

0.3 1.6 2.6 35 4.5 5.4 6.0
median of logKow

The recovery change diagram for 7 polarity sectors by the three methods

Conclusion: M3’s pure acetonitirle extraction has achieved relatively good results for pesticides of different polarities, which
takes a bal d, stable and similar to straight trend line. While M1’s hydration increases the extraction efficiency of certain
polarity water-soluble pesticides; but the adoption of hexane liquid/liquid partitioning further causes certain loss of extracted
polarity pesticides, leading to an arc trend line high in the middle and low at both ends; Overall speaking, M3’s extraction
efficiency is superior to M1’s. For M2, hydration procedures are likewise adopted, which increases the extraction efficiency of
the pesticides of strong polarities and lowers the extraction efficiency of the pesticides of weak polarity. Because of the
application of SPE, the line of M2 is similar to downtrend line with the front rise and the back-end fall.

AOAC EXPERT REVIEW PANEL FOR PCIE RESIDUES

RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
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B Organization and implementation of AOAC collaborative study

Collaborators for AOAC collaborative study: 30 labs from 11 countries and regions participated in the
collaborative study by GC-MS, GC-MS/MS and LC-MS/MS

USA Canada Germany Spain
‘ P — ]
Italy Belgium Japan Korea
4 . A
India

Taiwan

i America: USA, Canada; Europe: Germany, Spain, Italy, Belgium; Asia: Japan, Korea, India, China and Taiwan

3/9/2017
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HEComprehensive technical conditions were used by 30 Labs
The comprehensive instrument, analytical parameters and SPE cartridge of AOAC collaborative study
echnical conditions GC-MS (16 Labs) GC-MS/MS (15 Labs) LC-MS/MS (24 Labs)

types: Agilent; Varian I5 types: Agilent; Waters; Thermo Fisher and |12 types: @gulent; SHIMADZU; Waters and
[Bruker [Thermo Fisher

brands : 8 brands : 14 brands :

B-1701; Restek Rtx 1701; MR2; HP-5 |DB-1701; HP-5 ms; HP-5SMSUI; HP-5MSI; IZORBAX SB-C18; phenomenex Luna C8; Waters

s; HP-SMSUI IDB-5MS UI; DB5-MS; BR-5ms; Rxi 5 Sil |Atlantis C18; phenomenex Luna C18
3 Specification : 15 Specification :
30mx0.25mmx0.25um; 15mx0.25mmx0.25um; |3.5 pmx100mm x2.1mm;

Om>0.25mm>0.25pm length 20m/Diam. 0.180mm/Film 0.18um B.5umx150mmx2.1;150mmx2.00mmx3um

GC column temperature : 9 GC column temperature : 11 GC column temperature :

0°C hold 1 min , at 30°C/min to 130°C, 40°C hold 1 min , at 30°C/min to 130°C, at 0min-99% A, 3 min-70% A, 6 min-60% A, 9 min-

it 5°C/min to 250°C, at 10°C/min to 300 [5°C/min to 250°C, at 10°C/min to 300 °C, hold [60% A, 15 min -40% A, 19 min -1% A, 23 min -1%|

'C, hold 5 min IS min A, 23.01 min -99% A

SPE cartridges : |4 SPE cartridges : |5 SPE cartridges :

ricges - (Cleanert TPT; InertSep GC/PSA; Agilent  [Cleanert TPT; InertSep GC/PSA; Agilent

leanert TPT; UCT (ECPSACB506); N . . .

nvicarb/PSA [Technolongies BE [Technolongies BE Carbon 500mg/PSA; Envi-
[Carbon 500mg/PSA; Envi Carb/PSA [Carb; Envi Carb/PSA

22
19
14
i i : :
Instrument GCI/LC column Column specification GC column LC gradient prog SPE idg
temperature

RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
INSTITUTE  \wEpNESDAY, SEPTEMBER 21, 2016

W30 laboratories have submitted to SD clusters of data totaling 81315

the method efficiency can be evaluated comprehensively with these five classes of data, and
errors can be analyzed and traced. In addition, it also includes a 5000-page of raw data reports
and chromatographs.

45000 40586
40000 - Five types of data
35000 |
30000 -
25000 - 22879
20000 -
15000 - o
10000 - 6742 213
5000 —! 2193
0 - . . . NN ;
Results of target Monitoring ions Ion abundance Calibration curve Results of pre-
pesticides collaborative study

A lot of outliers obtained by one out of 30 laboratories were eliminated because of its digression from the
operation protocol, so this laboratory’s data was excluded from the evaluation of the method that ensued.




AOAC EXPERT REVIEW PANEL FORPIEES

RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
INSTITUTE  \wgpNESDAY, SEPTEMBER 21, 2016

I
EMethod efficiencies of GC-MS, GC-MS/MS and LC-MS/MS

W Method efficiency of GC-MS determination of 20 pesticides (16 Labs)
Samples Avg, Rec, % RSD,, % RSDg, % HorRat
Green tea fortified samples 87.0-96.0 2.1-49 6.5-9.9 0.3-0.5
Oolong tea fortified samples 81.0-91.1 2.8-7.8 12.5-25.0 0.5-1.3
Oolong tea aged samples - 2.1-6.1 9.1-20.0 0.4-1.0
Green tea incurred - 3.3-4.0 12.2-23.0 0.7-1.0

B Method efficiency of GC-MS/MS determination of 20 pesticides (14 Labs)

Samples Avg, Rec, % RSD,, % RSDg, % HorRat

Green tea fortified samples 87.0-97.1 3.1-6.0 6.6-14.8 0.3-0.7
Oolong tea fortified samples 77.1-90.8 1.4-5.4 7.0-32.7 0.4-1.3
Oolong tea aged samples - 4.6-9.6 21.7-34.7 1.1-1.8
Green tea incurred - 5.6-5.6 14.1-22.2 0.8-0.9

EMethod efficiency of LC-MS/MS determination of 20 pesticides (23 Labs)

Samples Avg, Rec, % RSD,, % RSDg, % HorRat

Green tea fortified samples 91.7-97.2 4.9-8.6 8.0-15.8 0.3-0.6
Oolong tea fortified samples 81.7-93.8 3.6-10.5 13.8-30.4 0.4-1.3
Oolong tea aged samples - 5.1-9.3 16.8-35.1 0.7-1.6
Green tea incurred - 8.9-10.8 21.1-24.5 0.8-1.1

Based on the results from the statistical analysis of AOAC method efficiency software, all the parameters
derived from the experiment have fulfilled the technical requirements of AOAC standards.

AOAC EXPERT REVIEW PANEL FOR PESTICIDE RESIDUES
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I
An overview on how your organization can obtain feedback for your method
performance?

Date: July 14-Aug 20, 2016. Feedback requested from: 30 collaborative laboratories and 45 laboratories using
Cleanert TPT. The feedback information has been received from a total of 15 laboratories (excluding the information
submitted online), including three overseas laboratories: Japan, Spain and Taiwan of China, and see the table below.

Lab Organization Qlle;ﬁun QIlB;ﬁOl’I Qne;ﬁun Qlle:ﬁon Qllesstion Queﬁstion
Lab-1 Asia pacific ical center, the 1. p Y N Y N N Y
Lab-2 ;nd Q“;ra;&‘igen;:i:;i:e Techni Centre of Fujian Entry-exit Inspection v N N v N N
Lab-3 E[;a:r;g:}l;::t;l‘:: glgll:;z ;:Ir:ldn f:;;:zﬁesearch Center of Huangshan Entry: v v v v N N
Lab-4 Food inspection central of CIQ ShenZhen Y N N Y N N
Lab-5 Qi Entry-exit Insp and Quarantine Bureau Y N N Y N N
Lab-6 Japan grain inspection association central research laboratory Y N N N N N
*Lab-7 Tunding substation, tea research and extension station, executive yuan,(Taiwan) N N N N N N
Lab-8 Tea research institute Chinese Academy of agricultural sciences Y Y Y Y Y N
Lab-9 EURL-FV, University of Almeria Y N Y N N N
Lab-10 Dalian entry-exit inspection and quarantine bureau Y N N Y N N
Lab-11 ICAS Testing Center i) Y Y Y Y Y N
Lab-12 BENGBU Center for Disease Control and prevention Y Y Y N N N
Lab-13 i Bino Testing Service Co., Ltd Y Y Y Y Y N
Lab-14 DENO TESTING Service (Shanghai) Y Y Y Y Y Y
Lab-15 Tea Research Institute, Chinese Academy of Agricultural Sciences Y Y Y Y N Y

* This lab didn’t use the method, so its feedback is not used for analysis.

3/9/2017
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15 laboratories that have furnished us with the feedback information

Laboratory-type Lab Location
1. Overseas laboratories OLab-6 Japan
(3 Labs) @Lab-7 Taiwan of China
®Lab-9 Spain
(@®Lab-1 Shanghai, China
2. International laboratories in China @Lab-11 Shanghai, China
(4 labs) ®Lab-13 Shanghai, China
(®Lab-14 Shanghai, China
(®Lab-2 Fujian, China
®@Lab-3 Huangshan, China
®Lab-4 Shenzhen, China
3. Domestic laboratories ®Lab-5 Qinhuangdao, China
(8 labs) (®Lab-8 Zhejiang, China
(©®Lab-10 Dalian, China
(@Lab-12 Anhui, China
(®Lab-15 Zhejiang, China

AOAC EXPERT REVIEW PANEL FOR PESTICIDE RESIDUES
RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
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I

METHOD APPLICABILITY

1. In your experience using the method, does the method perform according to the method’s
applicability as written?

Lab Organization Question 1
Lab-1 Asia pacific technical center, the coca-cola company Y
Lab-2 Inspection & Quarantine Technique Centre of Fujian Entry-exit Inspection and Quarantine Bureau Y
Lab-3 Huangshan Tea Quality And Safety Research Center of Hi han Entry-Exit Insg & Quarantine Bureau Y
Lab-4 Food inspection central of CIQ ShenZhen Y
Lab-5 Qi Entry-exit Insp and Quarantine Bureau Y
Lab-6 Japan grain inspection association central research laboratory Y
Lab-8 Tea research institute Chinese Academy of agricultural sciences Y
Lab-9 EURL-FYV, University of Almeria Y
Lab-10 Dalian entry-exit inspection and quarantine bureau Y
Lab-11 ICAS Testing Center (Shanghai) Y
Lab-12 BENGBU Center for Disease Control and prevention Y
Lab-13 hanghai Bino Testing Service Co., Ltd Y
Lab-14 DENO TESTING Service (Shanghai) Y
Lab-15 Tea Research Institute, Chinese Academy of Agricultural Sciences Y

v Yes: 14 Labs
v Lab-2: C t: The method is used in routine analysis for multi-pesticides in tea and handling disputed results
in our laboratory.

v Lab-15: Comment: Being capable of using exclusive Cleanert-TPT column to conduct inspection in_the aspect of
environmental pollutions..

3/9/2017
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SAFETY CONCERNS
2. In your experience with the method, are there any safety concerns identified while using or
regarding use of the method?

Lab Organization Question 2

Lab-1 Asia pacific technical center, the It N

Lab-2 Inspection & Quarantine Technique Centre of Fujian Entry-exit Inspection and Quarantine Bureau

Lab-3 Huangshan Tea Quality And Safety Research Center of Huangshan Entry-Exit Inspection & Quarantine Bureau

Lab-4 Food inspection central of CIQ ShenZhen

Lab-5 Qinhuangdao Entry-exit Inspection and Quarantine Bureau

Lab-6 Japan grain inspection association central research laboratory

Lab-8 Tea research institute Chinese Academy of agricultural sciences

Lab-9 EURL-FYV, University of Almeria

Lab-10 Dalian entry-exit inspection and quarantine bureau

Lab-11 ICAS Testing Center (Shanghai)

Lab-12 BENGBU Center for Disease Control and prevention

Lab-13 Shanghai Bino Testing Service Co., Ltd

Lab-14 DENO TESTING Service (Shanghai)

=== |=]|2Z|2|=<|2]|2|2|=<]|Z

Lab-15 Tea i Chinese Acad of Agricultural Sciences

v'Yes: 7 Labs No: 7 Labs

AOAC EXPERT REVIEW PANEL FOR PESTICIDE RESIDUES

RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
LJINSTITUTE  wEDNESDAY, SEPTEMBER 21, 2016

REFERENCE MATERIALS
3. In your experience with the method, are there available reference materials? Were there
any concerns identified while using or regarding use of the method?

Lab Organization Question 3

<

Lab-1 Asia pacific ical center, the 1

Lab-2 Inspection & Quarantine Technique Centre of Fujian Entry-exit Inspection and Quarantine Bureau

Lab-3 Huangshan Tea Quality And Safety Research Center of Huangshan Entry-Exit Inspection & Quarantine Bureau

Lab-4 Food inspection central of CIQ ShenZhen

Lab-5 Qinhuangdao Entry-exit Inspection and Quarantine Bureau

Lab-6 Japan grain inspection association central research laboratory

Lab-8 Tea research institute Chinese Academy of agricultural sciences

Lab-9 EURL-FYV, University of Almeria

Lab-10 | Dalian entry-exit inspection and quarantine bureau

Lab-11 | ICAS Testing Center (Shanghai)

Lab-12 BENGBU Center for Disease Control and prevention

Lab-13 | Shanghai Bino Testing Service Co., Ltd

Lab-14 | DENO TESTING Service (Shanghai)

<<= = |=]|2Z2|=<|=<|[2|2]|2|~<|2

Lab-15 | Tea Research Institute, Chinese Academy of Agricultural Sciences

v'Yes: 9 Labs No:5 Labs
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I

SINGLE LABORATORY VALIDATION

4. In your experience with the method, do you have data demonstrating linearity, accuracy,
repeatability, LOD/LOQ?

Lab Organization Question 4

Lab-1 | Asia pacific ical center, the 1 N

Lab-2 | Inspection & Quarantine Technique Centre of Fujian Entry-exit Inspection and Quarantine Bureau

Lab-3 | Huangshan Tea Quality And Safety Center of Entry-Exit Inspection & Quarantine Bureau

Lab-4 | Food inspection central of CIQ ShenZhen

Lab-5 | Qi Entry-exit ion and Quarantine Bureau

Lab-6 | Japan grain inspection association central research laboratory

Lab-8 | Tearesearch institute Chinese Academy of agricultural sciences
Lab-9 | EURL-FV, University of Almeria

Lab-10 | Dalian entry-exit inspection and quarantine bureau

Lab-11 | ICAS Testing Center (Shanghai)

Lab-12 | BENGBU Center for Disease Control and prevention

Lab-13 | Shanghai Bino Testing Service Co., Ltd
Lab-14 | DENO TESTING Service (Shanghai)

=<z =<]|=|Z[<[2Z[=<]|=<]|=]|=

Lab-15 | Tea Research Institute, Chinese Academy of Agricultural Sciences

v'Yes: 10 Labs No: 4 Labs

v'Lab -2: The data obtained using AOAC Official Method 2014.09 to demonstrate the linearity, accuracy and
repeatability attached in Appendix (see Table below).

v'Lab-13: Recoveries for 41 pesticides in green tea and black tea determined by GC-MS (see Table below).

AOAC EXPERT REVIEW PANEL FOR PESTICIDE RESIDUES
. RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
INSTITUTE  \ygpNESDAY, SEPTEMBER 21, 2016
L
Lab-2:
Determination results of multi-residues in tea byl GC-MS |
Green tea
No. Pesticides R.etenﬁtm Calibration curve Spike Recovery/% RSD/
time/min -~ s levels %
ope Intercept (ng/kg) No.1 No.2 No.3 | Nod No.5 AVE o

IS | heptachlor 18.787

1 trifluralin 9.940 0.9997 1.0858 -0.0155 200 82.2 85.5 83.7 84.7 94.2 86.1 5.47
2 tefluthrin 12.609 0.9982 1.8509 0.3906 100 88.1 89.7 87.6 87.3 97.3 90.0 4.66
3 pyrimethanil 14.156 0.9977 2.6666 0.5547 100 81.3 83.3 80.9 80.8 94.5 84.2 6.96
4 propyzamide 13.246 0.9984 0.9642 0.2457 100 83.8 85.5 80.3 81.5 87.2 83.7 3.37
5 pirimicarb 15.174 0.9981 1.5951 0.4131 100 91.6 94.2 83.1 91.0 103.7 92.7 7.99
6 i i 15.305 0.9963 0.4662 0.1679 40 86.7 95.2 90.8 89.8 102.3 93.0 6.52
7 tolclofos-methyl 16.264 0.9971 1.3229 0.3183 100 88.3 90.9 88.5 87.9 97.4 90.6 4.40
8 fenchlorphos 16.017 0.9965 1.2458 0.3545 200 95.1 99.2 95.4 96.7 103.6 98.0 3.62
9 pirimiphos-methyl 16.337 0.9977 0.5001 0.1095 100 90.1 92.0 89.7 89.1 98.1 91.8 4.01
10 | 2,4-DDE 20.000 0.9977 4.0213 0.7936 400 113.4 101.0 86.4 84.7 94.6 96.0 12.18
11 | bromophos-ethyl 19.611 0.9973 0.3133 0.0691 100 90.5 92.3 89.6 89.4 99.1 92.2 4.36
12 | 4,4-DDE 21.820 0.9978 | 3.1875 | 0.6239 400 83.9 86.1 | 83.9 | 83.8 | 929 | 86.1 | 4.56
13 | procymidone 19.907 0.9975 0.3892 0.0890 100 87.7 92.6 90.8 87.6 98.0 91.3 4.68
14 | picoxystrobin 21.198 0.9979 0.7657 0.1335 200 88.1 91.4 87.6 87.7 95.2 90.0 3.68
15 | chlorfenapyr 23.250 0.9976 0.4209 0.0998 800 97.2 99.1 95.9 95.4 102.6 98.0 3.01
16 | quinoxyfen 27.183 0.9980 1.1099 0.2239 100 81.3 84.3 82.1 81.7 91.9 84.2 5.27
17 | benalaxyl 26.357 0.9976 1.5987 0.3213 100 85.9 90.7 87.0 86.2 93.9 88.7 3.91
18 | bifenthrin 28.293 0.9978 3.0963 0.8757 100 85.0 88.4 85.7 84.2 92.7 87.2 3.97
19 | diflufenican 27.751 0.9982 2.0066 0.3759 100 86.3 89.8 86.5 85.2 94.3 88.4 4.20
20 | bromopropylate 29.781 0.9978 1.8023 0.3328 200 87.0 91.5 88.5 87.3 95.5 90.0 3.99

I I I I D D D D e e
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Lab-2:
Determination results of multi-residues in tea bylLC-MS/MS |
Green tea
No. Pesticides l:i::zl;i‘i]: Calibration curve 1Sel:;iel:: Recovery/% RSD/
%
R2 Slope Intercept (ng/kg) No.1 No.2 No.3 No.4 No.5 AVE o

IS | chlorpyrifos-methyl 17.618

1 imidacloprid 5.663 0.9987 0.0850 0.0856 45 115.4 103.8 | 114.8 111.4 105.3 110.1 4.87
2 propoxur 8.264 0.9989 1.8593 31.8969 50 108.6 93.3 114.0 108.4 108.1 106.5 7.30
3 monolinuron 9.409 0.9980 0.0116 -0.0314 20 87.3 91.6 93.1 86.3 91.1 89.9 3.28
4 11.107 0.9991 0.7681 0.9358 20 93.8 94.0 100.2 96.6 105.5 98.0 5.00
5 ethoprophos 13.899 0.9991 0.3678 1.0466 20 101.1 92.7 103.0 97.1 104.0 99.6 4.65
6 triadimefc 14.096 0.9985 0.2186 -1.0063 20 103.6 94.2 102.9 98.2 104.2 100.6 4.28
7 acetochlor 15.138 0.9990 0.2468 -0.3841 40 99.4 94.0 102.2 99.4 105.2 100.0 4.14
8 il 15.671 0.9969 0.4262 -0.8631 20 105.4 96.1 105.9 101.6 105.0 102.8 4.01
9 benalaxyl 16.24 0.9990 2.5914 18.3183 20 99.9 92.5 102.5 98.9 104.0 99.6 4.44
10 | kresoxim-methyl 16.571 0.9946 0.1833 5.8772 200 107.1 96.0 92.0 103.6 103.7 100.5 6.21
11 | picoxystrobin 17.119 0.9965 1.4234 1.7725 20 133.5 97.5 97.4 102.5 110.3 108.2 | 13.93
12 | pirimiphos-methyl 16.453 0.9999 1.2458 5.7368 20 93.1 90.0 94.3 91.7 98.5 93.5 3.45
13 | diazi 17.09 0.9997 2.9582 -2.6557 20 105.9 95.5 97.4 97.1 108.8 101.0 5.93
14 i 17.405 0.9952 0.2903 0.2172 60 116.7 93.3 99.7 103.2 106.0 103.8 8.30
15 | quinoxyfen 17.491 0.9961 0.6027 4.4482 100 81.6 95.6 89.3 93.8 99.6 92.0 7.50
16 | tebufenpyrad 18.016 0.9941 0.0441 -0.3803 20 114.5 99.8 97.9 105.3 106.4 104.8 6.22
17 i b 18.262 0.9992 0.0263 -0.0882 20 100.6 94.3 110.6 104.2 104.9 102.9 5.84
18 | trifloxystrobin 18.311 0.9978 0.4936 -1.0594 20 101.7 98.6 101.7 100.2 108.9 102.2 3.85
19 | chlorpyrifos 18.884 0.9928 0.0072 -0.0321 200 111.4 126.6 92.8 87.2 87.1 101.0 | 17.26
20 | butralin 19.292 0.9956 0.0022 -0.0035 20 72.1 84.2 82.1 99.2 128.0 93.1 23.37

AOAC EXPERT REVIEW PANEL FOR PESTICIDE RESIDUES
RESEARCH 2016 AOAC INTERNATIONAL ANNUAL MEETING & EXPOSITION, DALLAS , TEXAS
INSTITUTE  \WEDNESDAY, SEPTEM