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Dear Citizen,

| am pleased to present the latest edition of the New Jersey Departnment of
Environnental Protection's Field Analysis Manual for the Site Renediation
Program This docunent is the departnent's nost recent effort to provide
techni cal guidance to the regulated conmunity regarding field anal ysis of

envi ronnent al sanples. The manual represents our commitnent to be fair

predi ctable, technically consistent and responsive in all our dealings with the
public.

This manual will provide technical guidance on howto conply with the
Departnment's Technical Requirements for Site Renediation (N.J.A C. 7:26E) in
regards to field analysis; will pronote greater consistency and enhance the
Department's ability to evaluate sanple results. The procedures and quality
assurance/ quality control requirenents have been placed into one docunent so
that it is clear to those individuals performng field analysis what is
expected of them The manual includes nmethod sumaries, advantages and

di sadvant ages, detectabl e conpounds and quality assurance/quality control
requi renents. Each project contains variables that nust be factored into a
final field analysis plan, but use of this nanual will provide a |evel of
confidence when presenting the field analysis portion of a project plan for the
Department's revi ew.

The success of this manual rests on how well you and the Departnent personne
use and evaluate it. | encourage you to |let us know how well it works for you
and to contribute ideas on ways to inprove it. | trust you will find it a
useful tool in dealing with the technically conplex nature of your work.

Si ncerely,

Richard J. Gnello
Assi st ant Conm ssi oner
Site Renedi ati on Program



M ssi on St at enent

The M ssion of the New Jersey Departnment of Environnental Protection is to
conserve, protect, enhance, restore and manage our environnment for present and
future generations. W strive to prevent pollution; ensure the efficient use
of safe, environnmentally sound and reliable energy resources; provide
opportunities for recreation and enjoynent of natural and historic resources;
and pronote a healthy and sustai nabl e ecosystem

Gui di ng Principles
W are guided by these principles in acconplishing our m ssion:

-To consistently apply and vigorously enforce environnmental |aws
and standards in a fair, tinely and predictabl e manner.

-To be accountabl e, accessible and hel pful to the public.
-To provide clear, pronpt and fair gui dance and deci si ons.

-To increase understandi ng of environnmental and energy concerns
t hrough effective comuni cati on and educati on.

-To establish regul ations and standards consistent with | aw and
public policy and active public dial ogue.

-To base our standards, decisions and activities on sound science.

-To pronote energy conservation, pollution prevention and
consideration of the cunulative inpacts of activities in our
actions and those of individuals, business and governnents

t hroughout the state.

-To maintain a work environnent that attracts and retains
dedi cated, talented people; fully devel ops and chal |l enges
i ndi vidual abilities; and encourages innovation and teamorK.

-To adhere to the highest standards of personal and professional
conduct .
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FOREWORD

The New Jersey Departnent of Environnental Protection (NJDEP) is
conmtted to streanlining the site investigation and renediation
process at contam nated sites. This manual was devel oped
primarily in an effort to expedite the delineation phases of site
i nvestigation by providing a neans for inproving the quality of
field analytical data. However, as new field analysis nethods are
devel oped and exi sting nethods are inproved, nmany ot her
applications for field analyses will becone apparent. Such
applications may include clean zone docunentati on and ongoi ng

nmoni toring of renedial activity.

The Technical Requirenents for Site Renmediation, N.J.A C 7:26E
section 2.1(b) define the role of field screening nethods to be:
1) for delineation when the contam nant identity is known and 2)
to bias sanple location to the |ocation of greatest suspected
contam nation. Field screening nethods nmay not be used to
determ ne contam nant identity or clean zones; however, where ten
or nore sanples are required for initial characterization, field
screeni ng net hods may be used to docunent that up to fifty percent
of the sanmpling points are not contam nated. |In accordance with
N.J.A C. 7:26E-1.6(d), any person responsible for conducting
remedi ation may petition the Departnment for a variance from
specific sections. These petitions will be evaluated by the
Depart nent .

Thi s manual begins with an overview of the Data Quality Levels
devel oped by the Departnent for use in the context of this manual,
foll owed by a conpilation of ten field analysis nethods. The

nmet hods are presented in standard format and include a detail ed
met hod review as well as quality assurance and quality control
requirenments.

The Field Anal ysis Manual was devel oped by the NJDEP, Bureau of
Envi ronnental Eval uati on and Ri sk Assessnent and has been wi dely
distributed within the NJDEP and the regul ated community to obtain
comments on content and usability. The manual is intended for use
by the regulated community and consultants to inplenent rapid and
technically sound site investigations. The Field Analysis Mnual
will be nost useful when used as a conplenment to the NJDEP Field
Sanpl i ng Procedures Manual .

The Field Analysis Manual is not intended to include the entire
array of field nmethods that the Departnment will approve. Field
met hods not explicitly nmentioned in the manual may be enpl oyed if
sufficient docunentation can be provided to the Departnent to
support the proper application of the method. The manual wll be
updated regularly to reflect changes in this rapidly grow ng area
of environnmental technology. Persons wishing to use a field

nmet hod not addressed in the manual, or to nodify nethods included
in the manual, should submt the proposal to the project teamfor
approval .



The Field Anal ysis Manual may be reproduced w t hout NJDEP
aut hori zation. Comments on the manual may be addressed to:

New Jer sey Departnment of Environnental Protection
Site Renedi ati on Program
Hazardous Site Science El enent
CN - 413
Trenton, New Jersey 08625

609- 984- 3068

Copies of the Field Analysis Manual or the Field Sanpling
Procedures Manual may be obtai ned fromthe NJDEP Maps and
Publications Sales Ofice. The cost for the Field Analysis Mnual
is $7.00 and the cost for the Field Sanpling Procedures Manual is
$25. Costs include both postage and handling. Requests for both
manual s may be addressed to:

New Jer sey Department of Environnental Protection
Maps and Publications Sales Ofice
Bur eau of Revenue
CN - 417
Trenton, New Jersey 08625

609-777-1038

Checks or Money Orders for the manual s should be nade payabl e to:
Treasurer, State of New Jersey



NOTI CE

Field screening data are routinely used in site investigations to
approxi mate the contam nated zone and to gui de sanple | ocation.
As an alternative, certified | aboratories have suggested that
sanpl es be anal yzed rapidly and at a |lower cost in the | aboratory
using field anal ysis nmethods or approved |aboratory nmethods with
l[imted data deliverables. Sanples analyzed by approved

| aboratory nmethods with the required data deliverables or a

conbi nati on of sanples anal yzed by approved | aboratory mnethods
with the required data deliverables and |evel 2 data with the
required data deliverables would still be used to docunent the

cl ean zone in accordance with the Technical Requirenments for Site
Renedi ation, N.J. A C. 7:26E. This approach is acceptable to the
Departnment as long as the certified | aboratories specify on each
page of the | aboratory report that the data were generated using
field nmethods or approved nethods with limted data deliverables.
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TI TLE: Data Quality Levels for Contam nant |nvestigation

SUMVARY

Thi s gui dance docunment defines the NJDEP Site Renedi ati on
Programi s Data Quality Levels for contam nant investigation.
Thi s docunent describes a four tiered data quality
hierarchy. Data Quality Level 1 consists of field screening
met hods utilized for contam nant delineation only. Data
Quality Level 2 consists of field analytical nethods and can
be used for clean sanple docunentation during the site
investigation with the required QA QC deliverables or for
delineation without Level 2 QA QC deliverables. Data Quality
Level 3 consists of approved | aboratory nethods with Q& QC
deliverables as required in the Technical Requirenments for
Site Renmedi ation, N.J.A C. 7:26E and can be used for clean
zone confirmation as well as for delineation during the
remedi al investigation. Data Quality Level 4 consists of
specialty "state-of-the-art" nethods devel oped specifically
for a particular site, and are approved on a case by case
basi s.

The USEPA utilizes a two tiered approach to data quality.

The first category "Screening Data wth Definitive
Confirmation" would include NJDEP Site Renediati on Program s
Data Quality Levels 1 and 2. The second category "Definitive
Dat a" woul d i nclude NIJDEP Site Renedi ation Program s Data
Quality Levels 3 and 4.

PURPOSE AND SCOPE

To guide in the selection of field anal ysis nethods by
defining the mninmumdata quality standards a contam nant
i nvestigation plan should neet to receive approval.
RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all field analytical proposals.

DEFI NI TI ONS AND PURPOSE OF DATA QUALI TY LEVELS
1. Data Quality Level 1

A Level 1 methods are intended to be used for Health
& Safety, initial contam nant screening and/ or
contam nant delineation (i.e. approximtion of
cont am nat ed zone).

B. I nstrunents used for Data Quality Level 1 include:
PI D survey instruments (HNU), FID survey
instrunments (OVA) and XRF with renote probe (x-
nmet). Methods used for Data Quality Level 1



Dat a

i ncl ude: hydrophobic dye test, colorinetric
anal ysi s and headspace anal ysi s.

The data produced should only be considered an

i ndi cator of contam nation. Quality control
procedures and deliverable requirenents are limted
to a brief nethod review, instrunment calibration,
mai nt enance |logs, field | ogs, reported data val ues
and background | evel s.

Level 1 methods are real-tinme, but are sem -
gqualitative and sem -quantitative, and neasurenents
may be erratic. Therefore, data should only be
used for health and safety and to gui de sanple

pl acenent for anal ysis by higher |evel nethods.

Since relatively few quality control procedures are
enpl oyed conpared to higher level field methods,
data quality is very nmuch a function of sanple
handl i ng techni ques and anal yst skill.

Quality Level 2

Level 2 methods are intended to provide reliable,
rapi d, contam nant delineation.

Level 2 methods can achi eve a hi gh degree of
reproduci bility when required QA QC procedures are
enpl oyed.

Level 2 nmethods are typically |aboratory methods
whi ch have been adapted for field use (i.e. field
GC, portable XRF, field IR).

In addition to Level 1 requirenents, quality
assur ance deliverabl es shoul d i ncl ude:

1) Initial calibration curves

2) Conti nuing calibration curves (1 per 10
sanpl es)

3) Field Duplicates (1 per 20 sanples)
4) Background/ Bl ank dat a

5) Raw data subm ssion (i.e. chromatograns,
recorded instrunment readouts, etc.)

6) Chai n of Custody Docunentation (or field
sanpl e tracki ng sheets)

7) Non- conf ormance summary |isting all deviations



fromthe approved SOP and QA/ QC paraneters
outside control limts. The non-conformance
summary shoul d include an anal yst
certification statenent.

8) Laboratory confirmati on data shoul d be
submtted along with the field anal ytical
data. At a mininmum 10%of all Data Quality
Level 2 data should be |aboratory confirned
(both clean and contam nated sanples). The
Techni cal Requirenents for Site Renedi ation
N.J.A C. 7:26E, section 2.1(b) require that

50% of all "clean" sanples be |aboratory
confirmed during the site investigation and
100% of all "clean zone" sanples be | aboratory

anal yzed during the renedial investigation. A
vari ance fromthese requirenents my be
requested pursuant to N.J. A C 7:26E-1.6(d).

9) Resul ts of anal yst conpetency tests (i.e.
performance eval uation tests and proof of
training) are required.

10) WMatrix Spi ke Recovery (case-by-case)
11) Surrogate Anal yte Anal ysis (case-by-case)
12) Method Bl ank Anal ysis (case-by-case)

13) Quality Control Check Sanple Analysis (case-
by- case)

Level 2 methods are quantitative (i.e. providing an
estimated value), but only sem -qualitative
(definitive contam nant identification is not

provi ded) .

Level 2 contam nant delineation may be acconplished
by providing enough | aboratory confirmation data to
allow for laboratory-field correlation throughout
the entire contam nant concentration range and to
confirmthe clean zone (i.e. 50%during the SI,
100% during the RI). At a mninmm |aboratory
confirmation sanpling shall be conducted on 10% of
all field sanples.

Envi ronnent al sanples frequently contain

contam nants, nost of which are of unknown
concentrations. Laboratory data is not one hundred
percent accurate, but currently represents the best
estimate of the true concentration of a contam nant
in an environmental sanple. Therefore, a
conparison of field and | aboratory data can help to



provi de sonme gui dance on the validity of the field
dat a.

A laboratory-field correlation of |evel 2 data has
two conponents and can be cal cul ated by the
foll owi ng regression anal ysis equati on:
L=xF+y
wher e:

L

the reported | aboratory concentration
of a contam nant

T
I

the reported field concentration of
t he sane cont am nant

X = the slope of the correlation of field
and | aboratory data

the intercept of the field and
| aboratory data (constant)

R squared = fit of equation

The two conponents of the |aboratory-field
correlation are: 1) the fit (R squared) and 2) the
intercept (y). Gven the |ack of honpgeneity of
environment al sanples, variation in sanple handling
and variations inherent in both field and

| aboratory data, the fit of the equation is not
expected to be perfect (i.e. in nost cases, R
squaredf 100%; however, R squared and a pl ot of

t he scatter graph should be shoul d be devel oped by
the data reviewer and submtted to the Departnent.
An exam nation of the R squared and scatter graph
shoul d be made to determ ne the useful ness of the
field data. Professional judgenent should be used
when determ ning whether field data should be used
for delineation and/or clean sanples.

The intercept (y) is inportant due to differences
in concentrations determned in field verses

| aboratory data. During the renedial investigation
(RI'), field based contam nant zone delineation

| evel s may be adjusted per the follow ng equation:

G =C+y
wher e:

C= contam nati on zone delineation
criteria for field generated data
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cleanup criteria for |aboratory data

the intercept of the field and
| aboratory data correlation
equation

Fi nal remedi ation; however, should be based on the
site specific cleanup criteria using Data Quality
Level 3 nethods.

Level 2 nmethods al so include published | aboratory
met hods such as USEPA SW 846 | aborat ory nethods
whi ch are highly reproduci bl e; however, data are
docunented using only limted quality assurance

The quality of Level 2 data generated from

| aboratory nethods with limted deliverables is a
function of sanmple handling, storage and
preservation procedures, and anal ytical instrunent
mai nt enance. These data should be reliable if
proper sanpling and anal ytical procedures are

Level 3 nmethods are intended to generate the nost
reliable data practicable.

Level 3 data are highly reproducible and can

provi de the end user with conplete QA QC
docunentation in accordance with the Technica
Requirenments for Site Renediation, N.J.A C. 7:26E

Level 3 nmethods are the sane as Level 2 |aboratory
met hods but are supported with full |aboratory data
del i verabl es or reduced | aboratory data
deliverabl es in accordance with subchapter 2 and
Appendi x A of the Technical Requirenents for Site
Renedi ation, N. J.A C. 7:26E

Level 3 data can only be generated by a certified
or otherw se approved | aboratory pursuant to the
Techni cal Requirenents for Site Renedi ation
N.J.A C. 7:26E, section 2.1

H
del i ver abl es.
f ol | owed.
Data Quality Level 3
A.
B
C.
D
Data Quality Level 4
A.

Level 4 methods are generally "State-of-the-Art"
nmet hods devel oped specifically for a particul ar
site or contam nant.



B. Level 4 methods are used when standard | aboratory
nmet hods are either unavail able or inpractical.

C. Level 4 data may have variabl e deliverable
requi renents. These requirenents will be proposed
by the | aboratory or person perform ng the analysis
and approved by the Departnent for each nethod
proposed. Data produced by nethods conformng to
t hese requirenents will be acceptable for their
i ntended use.

D. Level 4 data nay be accepted to delineate a
contam nant, define a "clean zone" or confirmfield
data per Item C., above.

E. Ceneration of Level 4 data nay neccessitate use of
a | aboratory which specializes in nethods
devel opnent .

OVERVI EW ( DATA QUALI TY CLASSI FI CATI ONS)

DATA PURPCOSE EXAMPLE METHODS

QUALI TY OF R

LEVEL SAMPLE | NSTRUVENTS

1 Health & Safety, Portabl e PI D (HNU)
Field use when Portable FID (OVA),
excavati ng, Col orinmetric Analysis,
Cont am nant XRF with a renote probe
Screening & (x-nmet),
Del i neati on Headspace Anal ysi s,

Hydr ophobi ¢ Dye Test

2 Field use when Portabl e GC,
excavat i ng, Portable IR
Cont am nant Portable XRF with Si(Li),
Del i neati on, Port abl e AA,
Cl ean Sanpl e | munoassay,
Confirmation USEPA SW 846 Field
during Sl Screeni ng Met hods

Laboratory Anal yzed Sanpl es
with limted Q¥ QC
requi renents, (i.e. USEPA SW
846 Laboratory Methods (3" or
nost recent edition))

3 Del i neati on, Laboratory Anal yzed Sanples, with
Cl ean Zone full QA QC docunentation, (i.e.
Confirmation USEPA SW 846 Laboratory Mt hods

(3" or nost recent edition))

4 Non- st andar d Laborat ory Special Services,



nmet hod anal ysi s Mobi | e Laboratory

QUALI TY DELI VERABLES

LEVEL 1 QA QC REQUI REMENTS

The follow ng represents the m ninum data deliverabl es
required for Level 1 Data. The "Data Quality

Del i ver abl es” section of each nmethod will provide
speci fic requirements:

1
2.

A brief method review should be provided.

A single point calibration should be conducted
prior to any field activities using site-specific
st andar ds.

Cali bration checks should be performed at a m ni mum
of twice daily. |If a calibration check falls
out si de the manufacturer's suggested range, then a
conplete multi-point calibration is required.

A baseline scan (i.e. "clean air", "clean water" or
“clean soil" as appropriate) should be run each day
prior to analyzing any site sanples.

An instrunment |og should be naintained and
submtted (where appropriate). This |log should
i ncl ude instrunent mai ntenance, blank, and
calibration information, including date, tine,
anal yst's nane, calibration conpounds (CC), CC
concentrations, and CC readi ngs.

Field | ogs shoul d docunment sanple |D#, date, tine,
| ocation, depth, matrix (i.e. soil type, water
air), soil noisture (qualitative estinmte where
appropriate), and analysis result.

A non-conformance sumrary should state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program The
inplication of all non-conformances shoul d be
clearly explained and quantified (if possible).

LEVEL 2 QA QC REQUI REMENTS

In addition to the requirenents listed for the Level 1
QA QC Data, the followi ng represents the m ni num data
deliverables required for Level 2 Data. The "Data
Qual ity Deliverables" section of each nmethod will
provi de specific requirenents:



Each project teamthat uses a Level 2 nmethod is
required to operate a formal quality control
program The mnimumrequirenments of this program
consist of an initial denonstration of capability
and an ongoi ng anal ysis of calibration standards.
To establish the ability to generate acceptable
accuracy and precision, the analyst should perform
the foll ow ng operations:

a) A soil quality control (QC) check sanple. The
QC check sanmpl e shoul d be prepared by the
| aboratory using stock standards prepared
i ndependently fromthose used for calibration.

b) An aqueous QC sanple, prepared in the sane
fashion as the soil QC sanple, is also
required.

c) Anal yze four aliquots of each of the well -
m xed QC check sanpl es according to standard
procedur es.

d) Cal cul ate the average recovery nean (X) and
t he standard deviation of the recovery (s) for
each paranmeter of interest in each matrix
using the four results.

e) For each conpound, X should be between 60% and
140% of the true value. Additionally, s
shoul d be + 40% of X

Met hod bl anks (i.e. syringe bl anks, equi pnment

bl anks, and instrunent blanks) should be run at the
begi nni ng and during each work day or when carry-
over froma prior sanple is anticipated. A higher
frequency may be required dependi ng upon equi prnent
use and results.

| nstrunment shoul d be 3-point (mninmum calibrated
each nonth and 1-point calibrated each day using

| aboratory certified standards. The standard
speci es and concentrations should be chosen based
on known site contam nati on and enconpass the range
of expected concentrations. Surrogate conpounds
shoul d al so be incl uded. Matri x-specific m nimum
detection limts should be determned for all site
speci fi c conmpounds.

| f standard curves remain |inear over the entire
anal ysi s range, only one m dpoint standard shoul d
be anal yzed at a frequency of 1 per 10 sanples. |If
standard curves are not |linear over the entire

anal ysis range, a mninmmof 2 calibration

10



VI .

standards shoul d be anal yzed at a frequency of 1
per 10 sanpl es.

5. Matri x Spi ke and Matri x Spi ke Duplicate sanples may
be required at a rate of one per 20 sanples. The
project team should determne if MS/MSD sanples are
requi red on a case-by-case basis.

6. Chain of custody or sanple tracking docunentation
shoul d be generated for all sanples collected and
anal yzed. This docunentation should include a
statement certifying that all data were generated
fol |l owi ng proper procedures.
REFERENCES
1. NJDEPE "Fi el d Sanpling Procedures Manual ", My, 1992.

2. Techni cal Requirenents for Site Renediation, N J.A C
7:26E, Effective 07/01/93.

3. USEPA CLP-1 FB; npbst recent version.

4. USEPA "Data Quality Objectives for Renedi al Response
Activities", 1987.

5. USEPA SW 846, RCRA Standard: "Test Methods for
Eval uating Solid Waste".

6. 40 C.F. R 136, Atom c Absorption Spectronetry for Trace
Met al s.
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STANDARD FORVAT FOR FI ELD ANALYSI S METHODS

TI TLE:

V.

SUMVARY

PURPOSE AND SCOPE

RESPONSI BI LI TY

METHOD OVERVI EW

A

Applicati ons & Advant ages

1. Uses of ©Met hod
2. Benefits of Method

Interferences and Linmtations

1. Restrictions of Method
2. D sadvant ages of Met hod

Capabilities

1. Conmpounds Det ect ed
2. Applicable Matrices
3. Achi evabl e Quantitation Limts

| nstrunent ati on

Practical Consi derations

1. Cost per Sanpl e (Approxi mate)
2. Ti me Required per Sanple

3 Quality of Data (Level)

4. Difficulty of Procedure

5 Laboratory Met hod Equi val ent

METHOD PROCESS

A

Sanpl i ng Consi der ati ons

1. Soil Matrix
2. Water Matri x
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B. Sanpl i ng Procedures

1. Soil Matrix
2. Water Matri x
C. Fi el d Operations

1. Soil Matrix
2. Water Matri x
D. Quality Assurance/ Quality Contro

V. DATA | NTERPRETATI ON AND REPORTI NG
VII. HEALTH AND SAFETY CONSI DERATI ONS

A. Pot enti al Physi cal Hazards

B. Pot enti al Cheni cal Hazards

VI ' . REFERENCES
| X. APPENDI CES
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TI TLE: Field Screening of Volatile Conmpounds Using Portable

Field Survey Direct Reading Instrunments Equi pped with a
Fl ame 1oni zation Detector (FID). (5/94)

SUMVARY

Survey instrunments are routinely used during site
characterization activities to aid in sanple placenent, or to
provide an indication of site contam nation. This docunent
provi des gui dance for using a direct reading FID survey
instrument during site activities. The Data Quality Levels
on pages two through ten (2-10) should be read prior to using
t hi s et hod.

PURPOSE AND SCOPE

This section of the Field Analysis Manual sumrarizes the
m ni mum procedures a field screening or field delineation
(Level 1 Data Quality) sanpling proposal should follow
RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site investigation proposals.

METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of Met hod

a. Heal th & Safety Screening

b. Field Screening of Air, Water, Soils & Sludges
2. Benefits of Method

a. This nmethod provides field personnel with
real -tinme information, which may be used in
maki ng field decisions regarding site
conditions including selection of sanples for
hi gher data quality anal ysis.

b. This nethod is recormended for site screening
and all excavation activities involving
organi ¢ contani nants.

C. Hum dity will not affect neasurenent readings
on the FID
B. | NTERFERENCES AND LI M TATI ONS

1. Restrictions of Method
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The FIDis a non-specific total vapor
detector. It cannot be used to identify
unknown substances. |In an unknown environnent
it may only be used to confirmthe presence of
volatile contam nation. Quantitative
information is not reliable in an unknown
environment. During site screening, FID data
shoul d be confirmed by a higher data quality

| evel anal ysis.

| f a substantial background | evel is detected,
and is determned to be uncontrollable, FID
useful ness may be |imted.

This instrunment should not be exposed to
precipitation (i.e. rain).

2. D sadvant ages of Met hod

a.

I n general, the hydrogen flane ionization
detector is nore sensitive for hydrocarbons
than any ot her class of organi c conmpounds.

The response of the FID varies from conpound
to conmpound, but gives repeatable results with
all types of hydrocarbons (i.e. saturated

hydr ocar bons [ al kanes], unsaturated

hydr ocar bons [ al kenes and al kynes] and
aromati ¢ hydrocarbons).

Conmpounds cont ai ni ng oxygen, such as al cohol s,
et hers, al dehydes, carbolic acid and esters,
give a | ower response than that observed for
hydrocarbons. This is particularly noticeable
wi th conpounds having a high ratio of oxygen
to carbon, such as the | ower nmenbers of each
series which have one, two or three carbons.
W th conmpounds containing higher nunbers of
carbons, the effect is dimnished to such an
extent that the response is simlar to that of
t he correspondi ng hydrocarbons.

Ni t rogen-cont ai ni ng conpounds (i.e. am nes,
am des and nitriles) respond in a manner
simlar to that observed for oxygenated
mat eri al s. Hal ogenat ed conpounds al so show a
| oner relative response as conpared with

hydr ocarbons. Materials containing no
hydrogen, such as carbon tetrachloride (Cd)),
give the | owest response; the presence of
hydrogen in the conpounds results in higher
relative responses. Thus, CHC , gives a nuch
hi gher response than does CO,. As in the
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ot her cases, when the carbon to hal ogen ratio
is 5.1 or greater, the response will be
simlar to that observed for sinple

hydr ocar bons.

d. Caution should be used for headspace anal ysis
to prevent liquids frominadvertently being
drawn into the probe.

e. Oxygen deficient environnments have been shown
to bias FID readings high. Atnospheres where
t he oxygen is below fifteen percent (15% w |
extingui sh the flane.

f. Natural ly occurring conpounds such as terpenes
in pine trees may cause el evated readi ngs.

Capabilities

1
2.

Compounds Detected: Volatile Organic Conpounds.

Matrix: Air, Water, Soils, Sludges - Screening
Only.

Achi evabl e Quantitation Limt - None, conpound
identification and/or quantitation is generally
not possi bl e.

| nstrunent ati on

1

A punp provides the sanple stream which is neasured
and passed through a filter before reaching the
detector chanber. |Inside the detector chanber, the
sanpl e is exposed to a hydrogen flanme which ionizes
t he organi c vapors. The positively charged
particles are collected, neasured and the signal
anplified to a recorder display.

The Flane lonization detector will detect al
f I ammabl e conpounds.

Tabl es are attached to help determ ne the

useful ness of an FID instrunment for specific

cl asses of analytes. It should be noted that an
FIDw Il respond differently to various conpounds.

Practical Consi derations

1
2.
3.

Cost per Sanple (Approximate): I|ess than $1.00
Time Required per Sanple: 10 seconds

Quality of Data (Level): Poor (Level 1)
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4.
5.

Difficulty of Procedure: Sinple
Laboratory Method Equi val ent: None

V. METHOD PROCESS

A Sanpl

i ng Consi der ati ons

1

B. Sanpl

This method may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N.J.A C 7:26E
section 2.1(b).

Soil Matrix - This method should be used primarily
to determ ne site sanpling | ocations for analysis
usi ng higher data quality nmethods (i.e. GO).

Aqueous Matrix - This nmethod shoul d be used
primarily to screen aqueous sanples for analysis
usi ng higher data quality nmethods (i.e. GC).

i ng Procedures

Soil Matrix - Sanple screening may be performed by
hol di ng the probe above the split spoon, or above
the native soil. During analysis the probe should
be positioned within one (1) inch of the materi al
bei ng screened (Note: For health and safety
procedures, the instrunment is generally used in the
breat hi ng zone for determ nation of the |evel of
personal protection required).

Agueous Matrix - Sanpl e screening may be perfornmed
by hol di ng the probe above the aqueous sanple or
sanpl e stream During analysis the probe should be
positioned within one (1) inch of the material
bei ng screened (Note: see soil matrix note).

Use of a pol yethylene bag with soil and aqueous
sanpl es (see Headspace Anal ysis section) is another
application of this nethod which will provide
results which are quantifiable and reproducible.

C. Fi el d Operations

1

Al'l manufacturer's operation recomrendati ons shoul d
be followed. These recommendations, along with an
internal Standard Operating Procedure, should be
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Qual i

submtted to the Departnent as part of the Method's
QA QC program

General ly, several seconds are required to all ow
anal ytes to be punped through the "plunbing” to the
detector probe. [If a tubing systemis used for
renote sanpling, there should be no pressure drop
(flow change) as this may alter instrunent

response. The response tinme should be
experinmental |y determ ned and included as part of
the "internal Standard Operating Procedure”
referenced in item (Cl), above.

A background neter readi ng should be obtained (do
not zero to background), at the tinme of sanpling,
for all areas where the FIDis to be used. This
val ue shoul d be recorded on FID data sunmary sheets
by area of concern. If a substantial background
reading is detected, the source of the reading
shoul d be determ ned and controll ed.

Al'l readings should be recorded in the field | ogs
as "ppmas the calibration gas". These field |ogs
shoul d be used to generate data summary tabl es.
Additionally, all data should be plotted on scal ed
site maps, i f warranted.

ty Assurance/ Quality Contro

A brief method review should be provided. An
internal Standard Operating Procedure should be
submtted to the Departnent as part of the nethod's

QA QC program

An instrunment |og should be naintained and

subm tted. This should include all instrunent

mai nt enance and cal i bration information, including
date, tine, gas select setting (if applicable),
anal yst's name, calibration conpound (CC),
concentration, and CC neter reading.

A single-point calibration should be conducted
prior to any field activities. |If the type of

vol atile contam nation is known, the instrunment may
be calibrated to that particul ar gas.

Cali bration checks should be performed at a m ni mum
of twice daily. |If a calibration check falls
out si de the manufacturer's suggested range, then a
conplete multi-point calibration is required.

A baseline scan (i.e. "clean air", "clean water" or
"clean soil" as appropriate) should be run each day
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VI .

VI,

VI,

prior to analyzing any site sanples.

6. A non-conformance sumrary should be submtted.
| npl i cations of all such non-conformances shoul d be
clearly explained and quantified. This docunent
shoul d al so contain a statenent of certification
(signed by the field analyst), as evidence that
proper procedures were followed, and "true" results
are report ed.

7. Field | ogs shoul d docunment sanple |D#, date, tine,
| ocation, depth, soil type (using a soi
cl assification acceptable per the Technical
Requirenments for Site Renediation, N J.A C 7:26E
section 3.6(a)2ii), soil nmoisture (qualitative
estimate), and analysis result.

DATA | NTERPRETATI ON AND REPORTI NG REQUI REMENTS

A

C.

Al data summary tables should report raw data,

i ncl udi ng background. |[|f possible, suspected
cont am nant species should be reported with an estinate
of "actual" concentration(s) based on published or
experinmental ly determ ned response factors, background
readi ngs, and | aboratory confirnmed concentrations.
Exanpl es of the cal cul ati ons perforned should be
submtted as an appendix to the Data Report.

Dat a maps may depi ct background subtracted data, but
this should be clearly indicated on the figure. An
additional map plotting cal cul ati on based, "expected"”
concentrations may be generated, but is not required.
Shoul d this additional nmap be generated, actual data
(1.e. laboratory confirnmed) should be clearly
differentiated from cal cul ated val ues.

Boring | ogs shoul d be provided where applicabl e.

HEALTH AND SAFETY CONSI DERATI ONS

A

Potenti al Physical Hazards - The instrunment and the
charger should be conpletely shut down during hydrogen
tank refilling operations. Refilling should be done in
a ventilated area. THERE SHOULD BE NO POTENTI AL

| GNI TERS OR FLAME | N THE AREA DURI NG TANK FI LLI NG

Potential Chem cal Hazards - There are no unusual
chem cal health or safety considerations specifically
pertaining to the use of a FID survey instrunent.

I nstrument specific considerations should be obtained
from t he manuf act urer

REFERENCES
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Tabl e |
Rel ati ve Response of FID (OVA) Calibrated to Methane

Conpound Response
Acet one 60
Acetyl ene 200
Benzene 150

Car bon Tetrachl ori de 10

Chl or of orm 65

Et hane 90

Et hyl Al cohol 25

Et hyl ene 85
Hexane 70

| sopropyl Al cohol 65

Met hane 100 (Reference)
Met hyl Al cohol 15

Met hyl Et hyl Ketone 80

Met hyl | sobutyl Ketone 100

N- But ane 61

N- Pent ane 100

Pr opane 64

Tol uene 120

Tri chl or oet hene 70

Vi nyl Chloride 35
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TI TLE: Field Screening of Volatile Conmpounds Using Portable

Field Survey Direct Reading Instrunments Equi pped with a
Phot oi oni zati on Detector (PID). (12/93)

SUMVARY

Survey instrunments are routinely used during site
characterization activities to aid in sanple placenent, or to
provide an indication of site contam nation. This docunent
provi des gui dance for using a direct reading PID survey
instrument during site activities. The Data Quality Levels
on pages two through ten (2-10) should be read prior to using
t hi s et hod.

PURPOSE AND SCOPE

This section of the Field Analysis Manual sumrarizes the
m ni mum procedures a field screening or field delineation
(Level 1 Data Quality) sanpling proposal should follow
RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site investigation proposals.

METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of Met hod
a. Health & Safety Screening
b. Field Screening of Air, Water, Soils & Sludges
2. Benefits of Method
a. This nmethod provides field personnel with
real -tinme information, which may be used in
maki ng field decisions regarding site
conditions including selection of sanples for
hi gher data quality anal ysis.
b. This nmethod is recommended for site screening
and all excavation activities involving
or gani ¢ cont am nants.

B. Interferences & Limtations

1. Restrictions of Method

a. The PID is a non-specific total vapor
detector. It cannot be used to identify
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unknown substances. |In an unknown environnent
it may only be used to confirmthe presence of
volatile contam nation. Quantitative
information is not reliable in an unknown
environment. During site screening PID data
shoul d be confirmed by a higher data quality

| evel anal ysis.

The PI D does not respond to certain | ow
nmol ecul ar wei ght hydrocarbons, such as net hane
and et hane. These conpounds can interfere
with the detection of other active conpounds,
generally in the form of response suppression.
| f these conpounds are suspected to be
present (common in landfills), an alternate
field detector that is sensitive to these
conpounds (i.e. an FID detector), should be
used in addition to the PID

This instrunment should not be exposed to
precipitation (i.e. rain).

2. D sadvant ages of Met hod

a.

The PID does not neasure the |evel of
contam nants in soil, water or waste, but
rather the |l evel of contaminants in the soi
gas or gases evolving fromthe matri x.

Certain toxic gases and vapors (i.e. carbon
tetrachloride (CO, and hydrogen cyanide
(HCN)), can not be detected by the PID, due to
their high ionization potentials. |In general,
conmpounds wi th high energy bonds (indicated by
differing el ectronegativities) may not be
easily detected by the PID. If these
conpounds are expected, appropriate
precautions (such as the use of an alternate
screeni ng instrunment) should be taken.

Hum dity may affect neasurenent readings. The
PI D may becone unusabl e under foggy or humd
(over 85% conditions. These types of
conditions tend to cloud the lanp, interfering
with its ionization potential. An indication
of this is the needl e dropping below 0, or a
sl ow constant concentration clinb on the
meter. |In addition, |ow tenperatures can
effect the battery charge which will effect

t he readi ngs obtained. Repeated tenperature
changes (i.e. froma heated vehicle to a | ow
tenperature environnent) nmay cause
condensation to build up on the [anp which
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will effect the readi ngs obtained.

d. | f a substantial background | evel is detected,

and is determ ned to be uncontroll able, PID
useful ness may be |imted.

e. Caution should be used for headspace anal ysis

to prevent liquids frominadvertently being
drawn into the probe.

f. Oxygen deficient environnments have been shown

to bias PID readings high

g. Natural ly occurring conpounds such as terpenes

in pine trees may cause el evated readi ngs.

Capabilities

1. Conmpounds Detected: Volatile Organic Conpounds,
possi bly some Sem -Vol atil e Conpounds.

2. Matrix: Air, Water, Soils, Sludges - Screening
Only.

3. Achi evabl e Quantitation Limt: None, conpound
identification and/or quantitation is generally
not possi bl e.

| nstrunent ati on

1. A field survey instrument is generally equi pped
wi th a vacuum punp which transports anal yte
nol ecul es to an internal detector.

2. The phot oi oni zati on detector may detect al
conpounds with ionization potentials bel ow the
energy of the internal ionizing | anp, although it
shoul d be noted that a PID nmay detect conpounds

with energies equal to, or even slightly above the

energy of the ionizing |anp.

3. There are a variety of ionizing | anps avail abl e,
including: 9.5, 10.0, 10.2, 10.6 and 11.7 eV.

4. The standard | anp for nost operations should be in
the 10.0 to 10.5 eV range, which has been shown to
have the greatest sensitivity and durability while

bei ng responsive to nost conpounds.

5. Tabl es are attached to help determ ne the

useful ness of a PID instrunment for specific classes

of analytes. These tables nmay al so be useful in
source (lanp) sel ection.
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Practical Consi derations

A

Cost per Sanple (Approximate) : less than $1.00
Ti me Required per Sanple : 15 seconds
Quality of Data (Level) . Poor (Level 1)
Difficulty of Procedure . Sinple
Laboratory Met hod Equivalent : None

V. METHOD PROCESS

A

B

C.

Sanpl

i ng Consi der ati ons

1

Sanpl

This method may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 2.1(b).

Soil Matrix - This method should be used primarily
to determ ne site sanpling | ocations for analysis
usi ng higher data quality nethods (i.e. GO).

Water Matrix - This nmethod should be used primarily
to screen aqueous sanples for analysis using higher
data quality nethods (i.e. GO).

i ng Procedures

Soil Matrix - Sanple screening may be performed by
hol di ng the probe above the split spoon, or above
the native soil. During analysis the probe should
be positioned within one (1) inch of the materi al
bei ng screened (Note: For health and safety
procedures, the instrunment is generally used in the
breat hi ng zone for determ nation of the |evel of
personal protection required).

Agueous Matrix - Sanpl e screening may be perfornmed
by hol di ng the probe above the aqueous sanple or
sanpl e stream During analysis the probe should be
positioned within one (1) inch of the material
bei ng screened (Note: see soil matrix note).

Fi el d Operations
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Al'l manufacturer's operation recomrendati ons shoul d
be followed. These recommendations, along with an
internal Standard Operating Procedure should be

submtted to the Departnent as part of the Method's

General ly, several seconds are required to all ow
anal ytes to be punped through the "plunbing” to the

renote sanpling, there should be no pressure drop

experinmental |y determ ned and included as part of

A background neter readi ng should be obtained (do
not zero to background), at the tinme of sanpling,
for all areas where the PIDis to be used. This
val ue should be recorded on PID data sunmary sheets
by area of concern. If a substantial background

Al'l readings should be recorded in the field | ogs
as "ppmas the calibration gas". These field |ogs

Additionally, all data should be plotted on scal ed

internal Standard Operating Procedure should be
submtted to the Departnent as part of the nethod's

mai nt enance (i.e. |lanp cleaning) and calibration
information, including date, tinme, span setting (if
applicable), analyst's nane, calibration conpound

The | anp wi ndow shoul d be cleaned periodically to
ensure detection of air contam nants. C eaning

1.
QA QC program

2.
detector probe. [If a tubing systemis used for
(fl ow change) as this may alter instrunent
response. The response tinme should be
the "internal Standard Operating Procedure”
referenced in item (Cl), above.

3.
reading is detected, the source of the reading
shoul d be determ ned and controll ed.

4.
shoul d be used to generate data sunmmary tabl es.
site maps if warranted.

Quality Assurance/Quality Contro

1. A brief method review should be provided. An
QA QC program

2. An instrunment | og should be maintained and
subm tted. This should include all instrunent
(CO, CC concentration, and CC neter reading.

3.
shoul d be done as per the manufacturer's
recomendati ons, but at a mninum prior to
nmobi l'izing on a new site.

4.

A single-point calibration should be conducted
prior to any field activities. |If the type of
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VI .

VI,

DATA

C.

vol atile contam nation is known, the instrunment may
be calibrated to that particul ar gas.

Cali bration checks should then be perforned at a
mnimumof twice daily. |[|f a calibration check
falls outside the manufacturer's suggested range, a
conplete multi-point calibration is required.

A baseline scan (i.e. "clean air", "clean water" or
“clean soil" as appropriate) should be run each day
prior to analyzing any site sanples.

A non-conformance sumrary should be submtted.

| npli cations of all such non-conformances shoul d be
clearly explained and quantified. This docunent
shoul d al so contain a statenent of certification
(signed by the field analyst), as evidence that
proper procedures were followed, and "true" results
are report ed.

Field | ogs shoul d docunment sanple |D#, date, tine,
| ocation, depth, soil type (using a standard soi
classification systemas described in the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 3.6(a)2ii), soil nmoisture (qualitative
estimate), and analysis result.

| NTERPRETATI ON AND REPORTI NG

All

data summary tables should report raw data,

i ncl udi ng background. |[|f possible, suspected
cont am nant species should be reported with an estinate

of

"actual " concentration(s) based on published or

experinmental ly determ ned response factors, background
readi ngs, and | aboratory confirnmed concentrations.
Exanpl es of the cal cul ati ons perforned should be

subm tted as an Appendix to the Data Report.

Dat a maps may depi ct background subtracted data, but

t hi

s should be clearly indicated on the figure. An

additional map plotting cal cul ati on based, "expected"
concentrations may be generated, but is not required.
Shoul d this additional nmap be generated, actual data

(i

.e. |laboratory confirmed) should be clearly

differentiated from cal cul at ed val ues.

Boring | ogs should be provided where applicabl e.

HEALTH AND SAFETY CONSI DERATI ONS

A

Pot enti al Physi cal Hazards - There are no unusual

physi cal health or safety considerations specifically
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pertaining to the use of a PID survey instrunent.
I nstrument specific considerations should be obtained
from t he manuf act urer

B. Potential Chemi cal Hazards - There are no unusual
chem cal health or safety considerations specifically
pertaining to the use of a PID survey instrunent.

I nstrument specific considerations should be obtained
from t he manuf act urer

VI, REFERENCES
1. NJDEPE Fi el d Sanmpling Procedures Manual, May 1992.
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the American Industrial Hygi ene Association, 1990,
51(6), 326-330.

3. Gervasio, R; Davis, NNO "Mnitoring in Reduced
Oxygen At nosphere Using Portable Survey Direct
Readi ng I nstrunents (PID and FID)", Proceedi ngs
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| X. APPENDI X
Tabl e |

Rel ative Sensitivity For Conpound d asses (Pl D)

Cl ass Rel ati ve Exanpl es
Sensitivity

Aromati cs 100% Benzene, Tol uene,
Styrene

Al'i phatic Am nes 100% Di et hyl am ne

Chl ori nat ed, 50- 90% Vi nyl Chloride,

Unsat ur at ed, Tri chl or oet hyl ene,

Al'i phatics Di chl or oet hene

Car bonyl s 70- 90% MEK, M BK, Acetone,
but anone,

Cycl ohexanone

Unsat ur at ed 30-50% Acr ol ei n, Propyl ene,
Al'i phatics Al'lyl Al cohol
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Sul fi des 30-50% Hydr ogen Sul fi de,
Met hyl Mer capt an

Par af fi ns 10- 30% Pent ane, Hexane,
(C-C) Hept ane
Ammoni a 1- 5%
Par af fi ns 0% Met hane, Et hane
( Cl' C4)

TABLE 11

Rel ative Lamp Sensitivity

| oni zati on Lanp Energy
Pot ent i al
(eV) 9.5ev 10.2 eV 11.7 eV
8.0 - 9.5 7-10% 100% 7-12%
9.5 - 10.2 5-10% 100% 10- 15%
greater than 10.2 0% 100% 10- 50%
Table 111

Approxi mate |l oni zation Potentials For d asses

Cl ass Appr oxi mat e Not es
P (eV)
Paraffins 9.8 - 10.8 Cycl oPar af fi ns
Al kyl Hal i des 10.5 - 11.5 Chl ori nat ed
Conpounds
9.0 - 10.5 Brom nat ed and
| odi nat ed
Conpounds
11.7 - 12.9 Fl uori nat ed
Compounds, i.e.
Fr eons
Al'i phatics 10.0 - 11.0 Al cohol s
9.2 - 10.0 Et hers
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TI TLE: Field Delineation of Volatile Contam nation Using

Headspace Anal ysis. (5/94)

SUMVARY

Anmbi ent tenperature headspace anal ysis nmay be used to
del i neate VO contam nati on and heated headspace anal ysis may
be used to delineate VO and possibly lighter SVO

contam nation in soils and to screen for these contam nants
in groundwater. This nethod may enploy a field gas

chromat ograph, or direct reading field survey instrunent as
the anal ytical instrunment, although a field GCis preferred
and nore applicable to nost situations. Wen used in
conjunction with a field gas chromatograph, the ability to
detect VOs and SVGs will generally be greater than that of
standard | aboratory nethods, as analyte |oss due to transport
and storage is minimal. The Data Quality Levels on pages two
through ten (2 - 10) should be read prior to using this

met hod.

PURPOSE AND SCOPE

To define the m nimum standards for an anbient tenperature
headspace del i neation proposal, consistent with the Data
Quality Levels defined on pages two through ten (2-10).
RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site delineation proposals.

METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of Met hod
a. Field Delineation of Soils.
b. Field Screening of Water.
2. Benefits of Method
a. Provides field personnel wth real-tine
i nformation which may be used in making field
deci si ons regardi ng contam nant del i neati on.

b. This method is recommended for site screening
and cont am nant delineation whenever volatile
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or gani ¢ conpounds are of concern.

C. Thi s met hod expedites the delineation process
while providing better site definition at a
reduced cost.

d. Headspace readi ngs can be correlated to NAPL
presence in groundwater and saturated soi
sanpl es.

B. Interferences and Limtations

1. Restrictions of Method

a.

A field GC nust be used to get separation
and quantitation on specific anal ytes.

Al'l detector specific (i.e. PID, FID GG
ECD) information provided in other SOPs
and/ or in Manufacturer's docunentation
appl i es.

PID or FID neter readings are not
quantitative. These instrunents report
total organic vapor, although, the
detector response differs between
conmpounds which nmay often lead to a bias
in results.

Any background or naturally occurring VGCs
may give fal se positives (i.e. nethane
for FID, neighboring sources, terpenes
from pine trees).

The information obtained is sem -
guantitative and may or may not
correspond well with |aboratory
confirmation data; however, the data set
shoul d be consistent within itself,

t hereby being sufficient for delineation
and determ ning a "clean zone" to be

| aboratory verified. 1t should be noted
that the percentage of compounds present
at separate sanpling |ocations nmay cause
t he sane reading for direct reading
survey instrunments although the total
anount of contam nant present varies due
to instrunment sensitivity. Al so, due to
instrument sensitivity, a zero reading
may not be indicative of a "clean zone.

Ef fective use of this technol ogy requires
that the project teamcarefully sel ect
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| aboratory confirmation sanples. The
goal s of | aboratory confirmation are to
establish a correlation between the field
and | aboratory data and to nmaxim ze the
usability of the field analysis results
(1.e. laboratory sanples should be

coll ected across the entire concentration
range [on-site] to generate a calibration
curve). Cean zone sanples should be

| aboratory verified. (Cuidance is given
in the "Sanpling Considerations"” section,
bel ow. When used with a field GC,
qualitative | aboratory data should
correlate well with field data; however
guantitative data values nmay vary due to
sanpl e storage and handling. Laboratory
confirmation sanples shoul d be obtai ned
fromthe sanme sanple used for the
headspace analysis as the volatile
conpounds and sone sem -vol atile
conmpounds will be released fromthe
sanpl e matri Xx.

Al "clean zone" sanples should be

anal yzed by Level 3 or 4 nethods (i.e.
certified | aboratory nethods) as called
for by the applicable regulatory program

At a mninmm |aboratory sanples should

be collected to establish calibration

t hroughout the entire range of analysis.
In general, 20%of the field sanples,

including but not limted to, all "clean

zone" sanples, should be | aboratory

confirnmed.

If a field GCis used, a mninmmof 10%
of the field sanples, including but not
limted to all "clean zone" sanpl es,
shoul d be | aboratory confirned.

2. D sadvant ages of Met hod

a.

Since increasing tenperature nmay increase
the gas volune and, for volatile
conmpounds, the concentrations of anal yte
in the headspace, sanple results may vary
as 'anbient' conditions change throughout
t he day. Based on the ideal gas |aw
(PV=nRT or V2=V,PT,/P,T,), a tenperature

i ncrease of 18 degrees Fahrenheit may
produce, approximately, a 3%error. The
field data obtained should be corrected
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for all tenperature variances throughout
the day(s) or the sanple should be placed
into a constant tenperature water bath to
elimnate the tenperature variation.

When three (3) phases are present (solid,
liquid and gas), the effect of
tenperature changes on the equilibrium
gas concentration will be given by:

di n[C]/dT=[ (V,/ H) (DH,/ RT") +M(K/ H) (DH/ RT) 1/ [ V,+V,/ H+M(K/ H) ]

C.

Capabilities

wher e:

gas concentration

t enperature (Kelvin)

[iquid vol une

gas const ant

mass of soi

wat er/ sorbed partition
coefficient

gas vol une

= water-to-gas phase transfer
ent hal py

= sorbed-to-gas phase transfer
ent hal py

AZDL O

<
I

Heat ed headspace (using a tenperature
controll ed chanber) may be used to
enhance reproducibility w thout using
i deal gas |aw equations. A portable
water bath is the m ni num requirenent
when using this nethod.

As headspace concentration approaches the
vapor pressure of the contam nant
conpounds, readings may be | ess reliable.

Compounds with | ow Henry's Law Constants
(i.e. MIBE), may not partition readily
into the headspace from aqueous sanpl es
and therefore, may result in | ow or non-
detectable results or will result in high
detection limts.

1. Compounds Detected: Volatile Conpounds; Sem -

2. Matri x:

Vol atil e Conpounds with
heat ed headspace anal ysi s

Soils - Delineation or Screening
Water - Screening Only
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V.

D

3.

Achi evabl e Quantitation Limts - Variable; MLs as
low as 0.1 ppb can be achi eved using level 2
i nstrunent ati on.

| nstrunent ati on

1

The user has a choice of several instrunents,
dependi ng on data needs.

a) Survey instrunents (i.e. PID, FID) may be used
when few conpounds are present and/or the area
is well characterized. Detector choice should
be based on the conpounds present. Detector
or instrument specific coments can be
obtained fromthe survey instrunment sections
(pages 13 - 29).

b) A field GC may be used when exact conpound
identification is necessary. Detector choice
shoul d be based on the conpounds of interest.

| nstrument specific comments can be obtai ned
fromthe appropriate gui dance docunent.

Practical Consi derations

1

Cost per Sanple (Approximte): $10.00
(Dependent on detector)

Time Required per Sanple: 20 mnutes

(Note: When used with a field GC, the tine between
sanpl es shoul d be I onger than the | ongest el uting
conpound to avoid buildup on the colum.)

Quality of Data (Level): Good (Level 1A
Difficulty of Procedure: Sinple

Laboratory Method Equivalent: Draft Method SW 846
3810

METHOD PROCESS

A

Sanpl i ng Consi derati ons

1

This method may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated, in accordance with the Technica
Requirenments for Site Renediation, N J.A C 7:26E
section 2.1(b).

37



To maxim ze the utility of the information
obt ai ned, care should be taken when choosing
sanples to be | aboratory analyzed (i.e. bias to
obtain | aboratory correlation over the entire
concentration range on-site).

At | east one (1) |aboratory sanple should be biased
to a "hot spot" to correlate field data.

Sanpling frequency should be tw ce that reconmended
in the Technical Requirements for Site Renedi ation
N.J.A. C. 7:26E, when using a field survey

When conparing field GC results to | aboratory
results, the field results may be up to 10 tines
hi gher in concentration based on past experience

Pl ace a predeterm ned anmobunt of soil (approximtely
25 g) or water (approximately 100 mi) into a one
(1) quart zip |ock bag equi pped with a bul khead
fitting and a small piece of Tygon tubing (or a 40
m vial may be used). Sanple collection nethods
should m nim ze soil disturbance, and subsequent

vol atilization. NOTE: Installation of a valve in
the bag may facilitate |ater sanpling.

Once filled, imediately seal the bag or vial.
Inflate to capacity with a punp or cylinder through

2.
3.
4.
i nstrunent.
5.
with these nethods.
Sanpl i ng Procedures
1
2.
t he bul khead fitting.
3.

Set sanpl es aside and | eave undi sturbed at anbi ent
tenperature or in a constant heated tenperature
chanmber (i.e. oven, water bath) and out of sunlight
for a period of approximately 10 m nutes. A
constant tenperature chanber (i.e. oven, water
bat h) may be used to provide nore consistent and
reproduci ble results. A rise in tenperature of
10°C may doubl e the response to sonme conpounds.

Fi el d Operations

1

Fol |l owi ng the approximately 10 m nute waiting

peri od, shake sanples for a m ninmumof one to three
(1-3) mnutes. NOTE: It is essential that shaking
time be standardi zed.

Pl ace the bag (or capped sanple bottle) aside, as
in step three, for 1-3 m nutes.
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3. Wt hdraw a headspace sanple with a syringe and
inject into the field GC or neasure the headspace
directly with a PID or FID through the bul khead
fitting in the bag. An FID or PID probe may be
placed into a snmall opening in the zipper of the
bag if the bag does not contain a bul khead fitting.

4. Record neasurenents and note the quality of the zip
| ock or foil seal where appropriate. In the event
an anal ytical anomaly is noted (i.e. a flat-line
standard), a vial containing distilled water may be
used to check the syringe for blockage. A 100 ni
i njection should produce approximately 12 discrete
bubbl es when injected into the distilled water.

Quality Assurance/ Quality Contro

1. A brief method summary is required.

2. For any detector used, QA/ QC procedures are
described in the Gui dance Docunent for each
instrument (i.e. see Quidance Docunent section for
G&C). The remminder of this section describes the
requi renments when using a survey instrunent (Note:

detector-specific comments are not included

bel ow) .
3. A single-point calibration should be conducted
prior to any field activities. |If the type of

contam nation is known, the instrunent may be
calibrated to that particul ar contam nant.

4. A mdpoint calibration standard (containing target
conpounds) and a bl ank shoul d be rechecked every
ten sanples, or whenever carry over is expected.
These "standards"” shoul d be preserved in separate
vessels, to limt cross contam nation. [If, after
adjusting for tenperature, results of the
calibration standard vary by nore than 15%
recalibration is appropriate. |If the "clean
standard" denonstrates el evated | evels, rezeroing
or systemflushing is appropriate.

5. Experinmental precision and detection limt(s), for
each contam nant of concern, should be determ ned
with site simlar materials (i.e. actual site

soils).
6. A baseline scan (i.e. "clean air", "clean water" or
"clean soil" as appropriate) should be run each day

prior to analyzing any site sanples.

7. Field | ogs shoul d docunent sanple |ID#, date, tine,
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| ocation, depth, soil type (using a standard soi
classification systemas described in the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 3.6(a)2ii), soil nmoisture (qualitative
estimate), and analysis result.

8. A non-conformance sumrary should state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program

9. Each field teamthat uses this nethod is required
to operate a formal quality control program The
m ni mum requi renments of this program consist of an
initial denmonstration of capability and an ongoi ng
anal ysis of standards. To establish the ability to
generate acceptable accuracy and precision, the
anal yst should performthe foll ow ng operations:

a) Anal ysis of a quality control (QC) check
sanple is required and should contain gasoline
or appropriate alternate standard at a
concentration of 10 ppmin soil. The QC check
sanpl e concentrate should be prepared by the
| aboratory using stock standards.

b) Prepare an aqueous QC check sanple to contain
100- 500 ppb of gasoline or appropriate
al ternate standard.

c) Anal yze four 500-m aliquots of each well -
m xed QC check sanpl e.

d) Cal cul ate the average recovery X (nmean) in
ug/ L, and cal cul ate the standard devi ati on of
the recovery(ies) in ug/L, for each paraneter
of interest (i.e. BTEX) using the four
results, in each matrix.

e) For each matrix, (X) should be between 50% and
150% of the true value. Additionally, s
shoul d be . 50% of X

DATA | NTERPRETATI ON AND REPORTI NG

A

A hard copy (i.e. chart recording or down | oadi ng of
field conputer nenory) of all Organic Vapor Anal yzer
readi ngs should be included as a QA QC Section
Deliverable, if available. Hand witten copies of

i nstrunment readouts are acceptable if the instrunment is
not capabl e of down | oadi ng.

A field data | og should include: date, tinme, soil type,
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tenperature, |ocation, depth, sanple container
integrity, field technician's nane, field analyst's
signature (certifying results), and instrunent reading.

Cal i bration procedures perfornmed before and after data
col | ection should be provided.

Data summary sheets should be included as a separate
section of the site assessnent report. These sheets
shoul d i nclude: sanple |location, sanple depth,

i nstrunment reading, |aboratory confirmation results (if
avai | abl e), and "corrected val ue" (based on data

mani pul ati on).

| nstrunent Reading Interpretation - Laboratory data
provi des speciation, relative concentrations, and
quantification. This information, along wth known
detector response factors and | aboratory confirmation
results, can be used to el aborate on field instrunent
results. Even when a field GCis not used, it MAY be
possible to infer volatile analyte presence, as well as
estimate the relative concentration of volatiles
(warning: see Interferences/Limtations section). This
information, if generated, should be reported in the
data summary sheets. Additionally, exanple calcul ations
and any ot her pertinent information should be included
as an appendix to the report.

Al results should be plotted on a scaled area (or site)
map. Contour |ines should be drawn for each contam nant
and total VO content. Note: This may require severa
maps.

Requi red QA/ QC Del i verabl es

1. Chai n of custody docunentation or sanple tracking
sheets for every sanple taken and analyzed in the
field. Docunentation Should be provided at the end
of the final data report.

2. Sanpl e Data Packages - should contain the foll ow ng
i nformati on: Sanpl e Result Summary, Method Bl ank
Results and Method Detection Limts.

3. Met hodol ogy Review - a brief narrative outlining
t he essential points of each nethod enpl oyed.

4. Non- Conf or mance Summary Report - in appropriate
narrative and tabular form Al data falling
outside the quality control criteria specified and
approved in the QA plan as a deliverable should be
hi ghli ghted. The analyst's signature should
certify conpliance with approved procedures and the
recordi ng of actual results.
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VI,

VI,

HEALTH AND SAFETY CONSI DERATI ONS

A

Potential Physical Hazards - The instrunmentation
utilized for this nethod pose no unusual physical health
or safety considerations.

Potential Chemi cal Hazards - There are no unusual

chem cal health or safety considerations specifically
pertaining to the use of headspace anal ysis; however,
the toxicity or carcinogenicity of the conpounds used in
this nmethod are not always defined precisely.

Therefore, each chem cal conmpound should be treated as a
potential health hazard. Exposure to these chem cals
shoul d be reduced to the | owest possible |evel by

what ever neans avail able. The analytical teamis
responsi bl e for maintaining a current awareness file of
OSHA regul ations regarding the safe handling of the
chem cals specified in this nmethod. A reference file of
materi al safety data sheets (MSDS) shoul d al so be nade
avai lable to all personnel involved in the chem cal

anal ysi s.
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TI TLE: Field Delineation of Ringed Aromati ¢ Conpounds Usi ng

Colorimetric Test Kits (12/93).
SUVVARY:
Colorinmetric test kits can be used to detect aromatics, PAHs
and PCBs in soil or water. This guidance docunment shoul d be
used as a nodel for all colorinetric field analysis
techniques. The Data Quality Levels on pages two through ten
(2 - 10) should be read prior to using this nethod.
PURPOSE AND SCOPE

To define the m nimum standards for an acceptable field
colorinetric test, delineation plan (Data Quality 1).

RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site delineation proposals.

METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of ©Met hod

a. Field Screening of Soils and Water.
b. Field Delineation of Soils in one phase.
C. This method is recommended for all fuel oil

tank excavation activities, or any other
activities where el evated PAH conpounds are
expect ed.

2. Benefits of Method
a. This nmethod provides field personnel with
real -tinme information, which may be used in
maki ng field decisions regarding site
del i neati on.

b. Thi s met hod beconmes cost-effective when
greater than 10 sanples are to be anal yzed.

B. Interferences and Linmtations

1. Restrictions of Method
a. Exposure of the colored catalyst to direct

sunl i ght causes the colors to fade to brown.
The test tubes containing the test solution
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shoul d be protected fromdirect sunlight.

b. Tenperature, pH and eH are likely to affect
the efficiency and extent of the reaction.
The test should not be performed in extrene
condi ti ons.

D sadvant ages of Met hod

a. Non targeted ringed conpounds which may be
present may give false positive results.

b. H gh chl oride content and/or sodium chl oride
inthe mtrix will affect the readings.

C. Direct reading results in the Hanby
colorinmetric test kit are only accurate for
nmonochl ori de bi phenyl. Simlar limtations

may apply to other colorinetric test kits.

d. Waste solvent is generated and nust be
di sposed properly.

e. Cont am nation of the sanples by chlorinated
solvents (i.e. TCE, PCE, nethylene chloride)
may cause fal se readi ngs.

Capabilities

1

Conmpounds Detected: Aromatic conpounds (i.e. PAHs,
PCBs, benzene (and derivatives), naphthal enes,
etc.). Standards can be devel oped to provide
adequate quality assurance and quality control.

Matri x: Soils/Sludges - Delineation/Screening
Wat er - Screening Only

Quantitation Limt: Detectionlimts are a
function of sanple preparati on and conpounds
present. The site specific detection limt should
be determ ned based on the data coll ected.

Chem stry
1.

The detection of aromatic conpounds is based upon
the Friedel-Crafts al kylation reaction. The
reagents react with aromati c conpounds to produce
an intense col or.

Practical Consi derations

1

Cost per Sanple (Approximte): $10.00
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2
3.
4
5

Time Required per Sanple: 20 mnutes
Quality of Data (Level): Fair (Level 1)
Difficulty of Procedure: Moderate

Laboratory Method Equi val ent: None Approved

V. METHOD PROCESS

A. Sanpl i ng Consi der ati ons

1

This met hod may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 2.1(b).

Sanpling frequency should be approximately tw ce
that which woul d have been used if all sanples were
to be | aboratory anal yzed.

Anal ysis by a higher |evel nmethod, such as GC, is
required to obtain a correlation over the entire
concentration range found on-site. This should

i nclude a m ni mum of 3 sanpl es.

A m ni mum of one | aboratory sanple should be biased
to a "hot spot" to correlate field data.

Field data should be confirnmed by a nmethod of
greater data quality (i.e. Level 2, 3 or 4) at a
frequency of no | ess than 20%

Cl ean zone sanpl es should be | aboratory confirned
by net hodol ogi es approved in the Techni cal
Requirenents for Site Renediation, N.J.A C 7:26E

B. Sanpl i ng Procedures

The follow ng procedures were devel oped based on the
Hanby colorinetric test kit. Variation in procedures

wi |

be appropriate for test kits devel oped by ot her

manuf acturers. The alternate procedures shoul d be
submtted to the project teamfor consideration prior to
i npl enent ati on.

1

Agueous Sanpl es

a) Col | ect aqueous sanples in one liter brown
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C.

2.

b)

Soi |

b)

bottles, with m ninumair space using
procedures of NIJDEPE Field Sanpling Procedures
Manual , May, 1992.

The sanpl e shoul d be brought to a clean zone
inthe field for analysis.

Coll ect soil sanmples in 4 oz. w de nouth brown
bottles with mninmum air space using
procedures of NIJDEPE Field Sanpling Procedures
Manual , May, 1992.

The sanpl es shoul d be brought to a clean zone
inthe field for analysis.

Fi el d Operations

1
2.

Anal yze sanples within 4 hrs (ASAP preferred).

Agueous Sanpl es

a)

b)

d)

Pour 500 ml of sanple, using a calibrated
liter beaker, into a 500 mM separatory funnel.
The separatory funnel should be nmounted on a
tripod or sturdy stand.

Break the top of a 5 ml anpule of extraction
reagent and pour into separatory funnel.

Shake the funnel for 30 seconds then vent the
funnel. Continue extracting the sanple for
1.5 m nutes.

Al l ow the sol ution phases to separate for 2-3
mnutes. Drain the extraction layer into a 16
X 100 mmtest tube. Do no allow water into
the test tube. Transfer the solvent into a 10
m graduated cylinder (4.2 m required).
Record the volune and transfer contents to
another 16 x 100 mm test tube.

Enpty the contents of one catalyst vial into
the test tube. Stopper the test tube, shake
for 30 seconds and conpare the color to the
col or chart.

Sanmple: Low Level, wvalid up to 400 ng/kg

Weigh 100 + 0.1 grans of sanple and transfer
to a one liter wide nouth bottle.
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b)

f)

9)

h)

Soi |

Add one package of clarifying powder and 500
m of reagent water to bottle, seal and shake
soil -water mxture periodically for 20-30

m nut es.

Pour the mxture into | mhoff cone.

Allow the soil to settle and the water |ayer
to clarify for 15-20 m nutes.

Careful ly decant 250 ml of clear water |ayer
into a 500 mM separatory funnel, adding
contents of 5 m anpule of extraction reagent.

If 250 m of clear water |ayer is not
avai | abl e, record the volume of water
transferred.

Swirl the funnel for 30 seconds then vent the
funnel. Continue extraction of the sanple
with a swirling notion for 4.5 mnutes. Use a
cotton swab to renove water fromthe funne
stem

Al l ow the sol ution phases to separate for 2-3
mnutes. Drain the extractant layer into a 16
x 100 mmtest tube. Do not allow water into
the test tube. Transfer the solvent into a
clean dry 10 ml graduated cylinder (4.2 i
required). Record the volunme and transfer
contents to another 16 x 100 mmtest tube.

Enpty the contents of one catalyst vial into
the test tube. Stopper the test tube, shake
for 30 seconds and conpare the color to the
color chart. Miltiply the results by 20 to
obtain the concentration of aromatics in soi
in mg/kg. A work sheet for soil calculations
conmes with the kit.

Sanples: High Level, valid above 400 ng/ kg

Measure out 20 ml extraction reagent into
clean liter bottle and seal bottle.

Pl ace bottle with reagent on bal ance and tare.

Qui ckly add 10.0 g of soil sample (usually 4-5
m, volune) to bottle.

Chop sanple with clean spatula or knife bl ade
until soil is in very small (3 nm pieces.

Seal bottle and swirl (do not shake) soil in
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extraction reagent for 5 m nutes.

f) Measure out 4.2 m solvent fromthe bottle
into the graduated cylinder and pour into test
t ube.

9) Add one catal yst vial and shake well for one
m nut e.

h) Conpare to color chart and nmultiply chart
readi ng by 200 to obtain soil concentration in

mg/ kg (ppm .
ty Assurance/ Quality Contro

A brief method review should be provided.

Experinmental precision and detection limt(s), for
each contam nant of concern, should be determn ned
with "site-simlar" materi al s.

A five-point calibration should be perfornmed at the
start of each investigation. Calibration standards
(mnimum of 5 points covering the entire sanple
concentration range) should be generated for al
sanple matrices (i.e. clays, water, sands) anal yzed
using this colorinmetric test. These results should
be phot ographed for reference.

Fi el d Duplicates and one bl ank shoul d be coll ected
and field analyzed at a rate corresponding to the
greater of one per day or one per 20 sanples.

Field | ogs shoul d docunment sanple |D#, date, tine,
| ocation, depth, soil type (using a standard soi
classification systemas described in the Techni cal
Requirenments for Site Renediation, N.J.A C 7:26E
section 3.6(a)2ii), soil nmoisture (qualitative
estimate), and analysis result.

A non-conformance sumrary should state all data

i nconsi stencies and all divergences fromthe
approved sanpling/analysis program All data
falling outside the quality control criteria, as
speci fied and approved, should be highlighted. The
anal yst's nane and signature should certify the

i npl enent ati on of proper procedures and recording
of "true" results.

Each project teamthat uses this nethod is required
to operate a formal quality control program The

m ni mum requi renments of this program consist of an
initial denonstration of capability and an ongoi ng
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anal ysi s of aqueous bl anks and proof of good col or
vision. This information should be kept on file,
and submtted to the Departnent upon request. To
establish the ability to generate acceptable
accuracy and precision, the analyst should perform
the foll ow ng operations.

a) A quality control (QC) check sanple
concentrate should contain #2 fuel oil at a
concentration of 500 ppmin hexane: acet one.
The QC check sanpl e concentrate should be
prepared by the |aboratory using stock
standards prepared independently fromthose
used for calibration.

b) Prepare an aqueous C sanple fromthe QC check
sanpl e concentrate to contain 2000 ppb of fuel
oil.

c) Prepare a soil QC check sanple to contain 200
ppm of fuel oil

d) Anal yze four 500-m aliquots of each well -
m xed QC check sanpl e according to standard
procedur es.

e) Cal cul ate the average recovery nmean (X) in
ug/ L, and cal cul ate the standard devi ati on of
the recovery (s) in ug/L, for each paraneter
of interest using the four results.

f) For each QC check sanple, X should be between
50% and 150% of the true value. Additionally,
s should be :50% of X

DATA | NTERPRETATI ON & REPORTI NG

A

Summary tabl es should depict all sanple results (field
and | aboratory). These tables should also include the
best estinmate of "true values" cal cul ated using the
field/laboratory correlation data, surrogate recoveries,
soil type, blanks and any ot her avail able information.
Data correl ation should be discussed (a plot of field -
versus- | aboratory data is highly encouraged). Exanple
cal cul ations, including slope and correlation
coefficient, should be provided.

Corrected data should be plotted on scal ed site maps.
Field | ogs shoul d docunent sanple |ID#, date, tine,

| ocation, depth, soil type, noisture (qualitative
estimate), and analysis result.
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Al Quality Assurance/ Quality Control docunentation
shoul d be provided to the Departnment with the final data
report.

Cal cul ati ons

1. Aqueous Sanpl es

Cug/L = (D (4.2)
B
D = Chart Reading in ug/L
B = Extract sol vent recovered, ni

2. Soil Samples: Low Level (sample weight 100 + 0. 19)

Crny/kg = (D) (4.2) (20)
(B) (A

A = Fraction of Water recovered (250 ml/vol une
recover ed)

3. Soil Samples: High Level (sanple weight 10 + 0.1Q)
C mg/kg - (D) (200)

VII. HEALTH AND SAFETY CONSI DERATI ONS

A

Potential Physical Hazards - No unusual physical health
or safety considerations are posed by this nethod;
however, all manufacturer warnings and cautions should
be observed.

Potential Chem cal Hazards - Several reagents used in
this method may pose chem cal health or safety
considerations. The toxicity or carcinogenicity of the
conmpounds used in this nmethod are not always defined
preci sely. Therefore, each chem cal conpound should be
treated as a potential health hazard. Exposure to these
chem cal s should be reduced to the | owest possible |evel
by whatever neans available. The analytical teamis
responsi bl e for maintaining a current awareness file of
OSHA regul ations regarding the safe handling of the
chem cals specified in this nmethod. A reference file of
materi al safety data sheets (MSDS) shoul d al so be nmade
avai lable to all personnel involved in the chem cal

anal ysis. Safety practices consistent with that in

| aboratories is recomended.

Al'l solvent should be properly handl ed and di sposed.
Most colorinmetric test kit manufactures will accept the
spent sol vents for disposal.
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APPENDI X - Table 1, Table 2, and Table 3

TABLE 1: METHOD DETECTION LIM TS

Concentration (ppm

Consti t uent Wat er Soi |
Gasol i ne and Di esel 0.1 2

BTEX (pure conponent) 0. 05 0.5
PCBs 0. 003 0.1

TABLE 2: COLORS & CONCENTRATI ONS FOR CLASSES OF COVPOUNDS

Conpounds Col or/ Concentrati on Range

Benzene, Tol uene, Yellow (1 ppm) to Orange (10

Xyl enes, Ethyl benzene ppm Orange-Yellow (1 ppm to
Burnt Orange (10ppm

Gasol i ne Beige (5 ppm) to Geen (20 ppm

Di esel Beige (5 ppm) to Geen (20 ppm
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PCBs Light Pink (0.5 ppm to Coral
(0.2 ppm

Napht hal at es Light Violet(0.2 ppnm) to Blue
Violet (2 ppm
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TABLE 3:
1

NOTES

Met hod Detection Limts (MDL) for total aromatics is 50-
200 ppb in water and 500-2000 ppb in soil (Table 1).

The MDL for a specific waste may differ dependi ng upon
the nature of interference in the sanple matrix and the
type of aromatic conpounds present.

Type of Matrix: Surface Water, G oundwater, WAstewater,
Leachate, Soil, Sedinent.

Summary of Method - This nethod uses the reagent
packages, and procedures devel oped by Hanby Anal yti cal
Laboratories, Inc. Qher procedures will be appropriate
for colorinetric test kits available fromdifferent
manuf actures. A water sanple is extracted wth an al kyl
hal i de solvent. The solvent is treated with a drying
agent and a catalyst. Wen aromatics are present the
catal yst devel ops a color which is conpared to a col or
chart to determ ne the concentration of aromatic
conpounds present. Soil sanples are extracted with
reagent water and the water is extracted with al kyl
hal i de solvent. Soils containing 400 ng/ kg of fuel can
be directly extracted wth al kyl halide sol vent.

Met hod Perf or nance

a. This method is a colorinetric test which can both
qualitatively and quantitatively identify the
presence of petrol eum conpounds in soil or water.
Tabl e 2 provides a sunmary of the range of colors
and concentrations that each conmpound or class of
conpounds represents.

b. The test is qualitative in that a col or shown on
the kit chart indicates a particular conpound or
cl ass of compounds. A mxture of different
conpounds may result in a color sonewhere between
the col ors shown on the chart.
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TI TLE: Hydr ophobi ¢ Dye Test for Determ nation of NAPL in

Saturated Soils and G oundwater Sanples (12/93)
SUMVARY

The hydrophobic dye test may be used to determ ne the
presence of non-aqueous phase liquids (NAPL) in saturated
soils and groundwater. The sanple is placed into a

pol ypr opyl ene tube, centrifuged to separate the solid and

[ iquid phases, a hydrophobic dye is added and the m xture is
agitated. The liquid phase is then observed to determ ne
whet her a NAPL phase is present. The mixture may then be
centrifuged again to allow better separation of the liquid
phases. Detection capabilities increase as the percent (%
of NAPL increases fromone percent to two percent (1% - 2%
or greater. The Data Quality Levels on pages two through ten
(2 - 10) should be read prior to using this nethod.

PURPCOSE AND SCOPE

To define the mnimum standards for a hydrophobi c dye test
proposal consistent with the Data Quality Levels on pages two
t hrough ten (2 - 10).

RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site delineation proposals.

METHOD OVERVI EW

A. Applicati on & Advant ages

1. Field Screening of Saturated Soils.
2. Field Screening of G oundwater.
3. Provides field personnel with real-tinme information

whi ch may be used in making field decisions
regarding site delineation

4. This method is recomended for site screeni ng when
clear, colorless NAPL contam nation is of concern.

5. This met hod expedites the screening process while
providing better site definition at a reduced cost.

B. Interferences and Linmtations

1. Restrictions of Method

a. The dye test will not identify dissolved
contam nation in the aqueous phase.
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2.

Therefore, conventional |aboratory nethods
shoul d be enpl oyed for dissol ved
contam nati on

b. Up to ten percent (10% false positives and up
to fifty percent (50% false negatives can be
expected in sanples with | ess than one percent
(<19% NAPL. Fal se negatives decrease as the
NAPL percentage increases. Sanples with
greater than one percent (>1% NAPL indicated
only two to eight percent (2% - 8% false
negatives. Therefore, conventional |aboratory
tests should be used where contam nation is
suspected but the hydrophobic dye test does
not indicate the presence of NAPL

D sadvant ages of Met hod

a. The dye is not anal yte-specific but should
di ssolve in organic NAPL wi thout dissolving in
t he aqueous phase.

b. Sanple matri x may cause fal se positives.

Capabilities

1

Conmpounds Detected: Non-Agueous Phase Liquids
( NAPL)

Matrix: Saturated Soils - Screening
Wat er - Screeni ng

Achi evabl e Quantitation Limts: Dependent on
sanpl e conditions, one percent (1% or |ess NAPL
can be detect ed.

The information obtained is qualitative (i.e.
presence or absence of NAPL); however, the density
of NAPL relative to water can be determ ned and the
vol une of NAPL in the sanple can be estimated.

Ef fective Use of this technol ogy requires the
project teamto sel ect appropriate sanples for

| aboratory confirmation. The goal of the

| aboratory confirmation is to determ ne that NAPL
has been correctly delineated and identified.

| nstrunent ati on

1

Thi s met hod requires pol ypropyl ene tubes and a
hydr ophobi ¢ dye (i.e. Sudan 1V, an ol eophilic dye,
fromAl drich Chemcal Co.). A centrifuge is
required for saturated soils analysis and is
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optional for groundwater sanples. Therefore, the
met hod may not be a true field nethod for saturated
soils given that centrifuges are generally not
field portable.

Practical Consi derations

1

2
3
4.
5

Cost per Sanple (Approximate): |ess than $10.00
Time Required per Sanple: |ess than 15 m nutes
Quality of Data (Level): Level 1

Difficulty of Procedure: Sinple

Laboratory Method Equivalent: None Certified

V. METHOD PROCESS

A

Sanpl

i ng Consi der ati ons

1

This method may be used only for screening purposes
during the initial characterization sanpling and
nmoni toring phase to determ ne the presence of NAPL.

Confirmation of the absence of NAPL may be
required in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C. 7:26E
section 2.1.

Del i neati on sanpling frequency should be in
accordance with the Technical Requirements for Site
Renedi ation, N.J. A C 7:26E

The results produced by this nethod are
qualitative; however, the density relative to water
and approxi mate volunme of NAPL in the sanple can be

Col I ect one hundred and seventy-five (175) m of
solid or thirty-five (35) m of liquid sanple.

Sanpl es should be collected with teflon or
stainless steel utensils and placed into

2.
3.
det er m ned.
Sanpl i ng Procedures
1.
2.
pol ypr opyl ene tubes.
3.

Set sanpl es aside for preparation.

Fi el d Operations

1

Prepare sanples via weighing, centrifuging (soi
sanpl es), addi ng hydrophobi ¢ dye and shaki ng t he
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VI .

DATA

tubes. Note: Centrifugation may preclude
performance in the field.

2. bserve the sanples directly for evidence of two
(2) phases (i.e. one [1l] dyed phase and one [1]
clear, colorless phase).

3. Centrifuge the liquid phase and observe the sanpl es
directly for evidence of two (2) phases. Note:
Centrifugation may preclude performance in the
field.

Quality Assurance/ Quality Contro

1. A brief method summary i s required.

2. The sanple | ocation, depth and matri x should be
docunented along with the sanple collection tine
and date and field analysis tinme and date.

3. Col l ection and anal ysis of uncontam nated sanpl es
fromsite matri x should be perfornmed each day to
docunment matrix interference.

4. Sanpl e duplicates should be perforned in the field
to docunent nethod repeatability at the rate of at
| east one (1) for every twenty (20) sanples.

5. Confirmation of field analysis should be provided
in accordance with the Techni cal Requirenents for
Site Renmedi ation, N.J.A C. 7:26E

6. One (1) nethod blank and rinsate bl ank shoul d be
field anal yzed daily.

7. One (1) blank standard shoul d be perforned daily.
| NTERPRETATI ON AND REPORTI NG

A hard copy of all observations of |iquid phases should
be included as a QA QC Section Deliverable.

A field data | og should include: date, tinme, matrix
description (i.e. soil type or groundwater description),
tenperature, |location, depth, field technician' s nane,
field analyst's signature (certifying results), and
observations of |iquid phases.

Data summary sheets should be included as a separate
section of the site assessnent report. These sheets
shoul d i nclude: sanple location, sanple depth,
observation of liquid phases, and | aboratory
confirmation results (where applicable).
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VI,

VI,

Al results should be plotted on a scaled area (or site)
map.

Requi red QA/ QC Del i verabl es

1. Chain of custody or sanple tracking docunentation
for every sanple collected and analyzed in the
field. Docunentation should be provided at the end
of the final data report.

2. Sanpl e Data Packages should contain the foll ow ng
information: Sanple results, sanple matrix results
and bl ank results.

Heal th and Safety Consi derations

A

Potential Physical Hazards - The instrumentation
utilized pose no unusual physical health or safety
consi derations; however, all manufacturer warnings and
cautions shoul d be observed.

Potential Chem cal Hazards - There are no unusual

chem cal health or safety considerations specifically
pertaining to the use of the hydrophobic dye test;
however, the toxicity or carcinogenicity of the
conmpounds used in this nmethod are not always defined
preci sely. Therefore, each chem cal conpound should be
treated as a potential health hazard. Exposure to these
chem cal s should be reduced to the | owest possible |evel
by whatever neans available. The analytical teamis
responsi bl e for maintaining a current awareness file of
OSHA regul ations regarding the safe handling of the
chem cals specified in this nmethod. A reference file of
mat eri al safety data sheets (MSDS) shoul d al so be nmade
avai lable to all personnel involved in the chem cal

anal ysi s.

Ref er ences
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Water", GMWR, Fall 1992. pp. 132-139
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9.38 - 9.46
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TI TLE: Field Screening Using a Field Survey X-ray Fluorescence

(XRF) Instrument.
SUMVARY

X-ray Fluorescence (XRF) survey instrunents may be used to
anal yze hi gh concentrations (greater than 250 ppm of netal
contam nation (instrunents with (Si)Li detectors may have

| oner detection |limts). The target netals should be known
prior to site use, as instrunent calibration is required.
Data Quality Levels on pages two through ten (2 - 10) should
be read prior to using this nethod.

PURPOSE AND SCOPE

To define the m nimum standards of an approvable field XRF
del i neation pl an.

RESPONSI BI LI TY

The project teamis responsible for the review, and revision
of all site screening proposals.

METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of Met hod
a. Field Screening of Soils.

b. This nmethod is recomended whenever
significant nmetals contam nation is suspect ed.

C. An X-ray Fluorescence Spectroneter (XRF)
detects netals (several sinultaneously)
contam nation in solid matrices (soils) or
liquid matrices (oil, water).

2. Benefits of Method

a. This nmethod provides field personnel wth
real -tinme information, which may be used in
maki ng field decisions.

b. The XRF is particularly sensitive to heavy
netal s, which are commonly found on industrial
sites (see Item | X for analyte list and
detection limts).

B. Interferences and Linmtations

1. Restrictions of Method
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C.

D

2.

a. The use of the hand-held probe is nore
suscepti ble to background interferences than
are "chanber" type probes. Addi tionally, the
optical configuration of hand held units
prevents efficient photon collection, thereby
| owering sensitivity, accuracy, and precision.

b. Several netals fluoresce at simlar
wavel engths (e.g. As and Pb; Hg and Pb). Al
fluorescence data should be retained so that
secondary |ine (wavel ength) anal ysis may be
conducted, if required.

C. The instrunent shoul d not be exposed to rain.
D sadvant ages of Met hod

a. Hot weat her (above 75 degrees) may affect the
el ectronics and battery; however, instrunent
results may not be significantly affected.

b. The validity of the results is a function of
the capability of the technician to reproduce
the data. Standardi zed sanpl e preparation and
the m nim zation of any variations in sanple
screening techniques is vital to the accurate
performance of this test.

C. Detection | evel s may be above site specific
standards for certain netals.

Capabilities

1

Conmpounds Detected - Heavy Metals: Excellent
O her Elements: Variable

Matrix: Soils, Sludges, GOI, Water

Quantitation Limt: 30-500 ppm however,
quantitation limts are highly dependent on sanple
matrix. Water and oil detection levels are |ess
than 100 ppm Soil detection |evels are greater
than 70 ppm Since this method does not involve
sanpl e preparation, matrix can not be controll ed.
The site specific quantitation limt should be
determ ned based on the data coll ect ed.

| nstrunent ati on

1

The detector responds to el ectromagneti c energy
emtted in the process of fluorescence; the energy
emtted in the process is characteristic of the
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atomirradi at ed.

Two instrunent types are avail able: wavel ength

di spersive (WD) and energy dispersive (ED). The WD
configuration provides very high resolution, at the
cost of decreased sensitivity. The ED
configuration provides high photon collection
efficiency (i.e. sensitivity), but |less resolving
power. In general, field-portable XRF instrunents
are energy dispersive due to source and optics
limtations.

Several x-ray sources, each geared to the analysis
of particular elenents, are avail able. Source

sel ection should be based on the specific netals
expected on site. Use of nore than one
source/instrument may be required. Manufacturer's
recommendat i ons shoul d guide the selection of a
site specific source(s).

Detection imts are a function of sanple matri x,
cont am nant species, background radiation |evels,
and instrunmental limtations.

Practical Consi derations

A

Cost per Sanple (Estimate): $6.00

Time Required per Sanple: 1 - 3 mnutes

Quality of Data (Level: Poor (Level 1)

Difficulty of Procedure: Sinple

Laboratory Method Equivalent: SW846 6010 (Solid)

SW 846 200.7
(Aqueous)

V. METHOD PROCESS

A

Sanpl i ng Consi der ati ons

1

This method may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 2.1(b).

Source choice and rational e should be included in
the QA QC di scussi on.
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Sanpling frequency should be as great as possible,
as the analysis cost is virtually "fixed" per diem
At a mnimm sanpling frequency should be
consistent with the Technical Requirements for Site
Renedi ation, N.J.A C 7:26E

At a mninmm |aboratory sanples should be
coll ected to docunent worst case contam nation for
use in the delineation phase and to docunent al

This method nmay be used to "target" certain areas
for higher level analysis (i.e. levels 2-4). In
this situation, a reduced deliverable requirenent

Sanpl e screening may be perfornmed by hol ding the
probe on soil on a split spoon, or on the native
soil. Variability in the sanple results as well as
detection limts increase when sanpl e preparation
procedures have not been enpl oyed. Perform
duplicate analysis to obtain an average readi ng and

To keep the probe clean, a piece of plastic wap
shoul d be placed between the probe and sanple

4.

cl ean zone sanpl es.
5.

i S appropriate.
Sanpl i ng Procedures
1

reduce variability.
2.

matri x during anal ysis.
3.

I ncreased analysis tinme (i.e. 1-3 mnutes) wll
effect nore accurate results.

Fi el d Operations

1

Al'l manufacturer's operation instructions should be
foll owed. These instructions, along with an
"internal" Standard Operating Procedure should be
submtted to the Departnent as part of the Methods

QA QC program

Generally, 30 to 60 seconds are required to all ow
sufficient signal averaging to occur; however,
increased analysis tinme (i.e. 1-3 mnutes) wll
effect nore accurate results.

Background readi ngs shoul d be obtained for all

matri ces analyzed. This may be done by anal yzing a
m ni mum of 3 sanples per matri x in non-inpacted

ar eas.

Al'l readings should be recorded in the field | ogs.
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Qual i

The field analyst's nane and signature should
certify the inplenentation of proper procedures and
recordi ng of proper val ues.

ty Assurance/ Quality Contro

A brief method review should be provided. An
internal SOP should be submtted to the Departnent
as part of the nmethod's QA QC program  Source
choice and rationale should be included in a Q¥ QC
Plan and may be included as part of the SOP.

The system shoul d be configured and standardi zed
prior to site activities. Standards conposed of
actual site material should be used for final
quantitation. This may be done by collecting
"calibration standards" on-site, and back

cal cul ating concentrati ons based on fluorescence
intensity readings.

Cal i bration standards (m nimumof 5 points covering
the entire range of analysis) should be generated
for all sanple matrices (i.e. clays, sands, etc.)
anal yzed using the XRF. This five-point
calibration should be performed prior to beginning
work at a site and at a mininmumof nonthly in order
to assure linearity throughout the entire analysis
range. This procedure may be required at a greater
frequency if a QC calibration check varies fromthe
"known" val ue by nore than 30%

M dpoi nt standards (for each matrix) should be
rechecked at | east every ten to twenty sanples.
Recal i bration (as in 3, above) is appropriate when
val ues obtained vary fromthe "true" val ue by
greater than 3 tinmes the standard devi ati on.

Experimental estimates of precision and detection
[imt(s), for each contam nant of concern, should
be determined with site-simlar (i.e. same matrix
or soil type) materials. The neasurenent tine
shoul d be established based on these initial site
studies. Note: Measurenent tinme has a pronounced
effect on precision, accuracy, and detection
l[imts. Longer neasurenent tinmes (1 to 3 m nutes)
may be required for nost site applications.

A baseline scan (i.e. "clean air", "clean water" or
“clean soil" as appropriate) should be run each day
prior to analyzing any site sanples.

An instrunment | og should be maintained and
submtted. This |log should include instrunent

66



10.

11.

mai nt enance, bl ank and calibration information

i ncluding date, tine, work conpleted, analyst's

name, calibration standard(s), source, detection
wavel ength, standard results in intensity units,
and any ot her pertinent information.

Measurenent tinmes should be no | ess than 30 seconds
for site screening. Longer tines nmay be required
in order to achieve desired accuracy and precision.

Field | ogs shoul d docunment sanple |D#, date, tine,
| ocation, depth, soil type (using a standard soi
classification systemas described in the Techni cal
Requirements, N.J.A C. 7:26E, section 3.6(a)2ii),
noi sture (qualitative estimate), sanpler's nane,
anal yst's nane, sanpler's & analyst's signature,
and analysis result.

A non-conformance sumrary should state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program The
inplication of all non-conformances shoul d be
clearly explained and quantified (if possible).

Each project teamthat uses this nethod is required
to operate a formal quality control program The
m ni mum requirenent of this programis an initial
denonstration of capability. This information
shoul d be kept on file, and subm tted upon request.
To establish the ability to generate acceptable
accuracy and precision, the analyst should perform
the foll ow ng operations:

a) Three soil quality control (QC) check sanples,
containing a suite of nmetals (As, Pb, Hg, Cr,
Cu, and Ni) at concentrations between 50 ppm
and 5000 ppm are required. The QC check
sanpl es should be prepared by a | aboratory
usi ng stock standards.

b) An aqueous (C sanple, containing the above
nmentioned netals at concentrations between 10
ppm - 40 ppm is also required.

c) The field technician(s) should analyze four
aliquots of each well m xed QC check sanple
according to standard anal ysis procedures.

d) The average detection, nean (X), and standard
deviation (s) should be calculated for each
contam nant in each matri x at each
concentration using the four results.
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VII.

VI,

e) For each conpound and matrix, X should be
bet ween 60% and 140% of the true val ue.
Additionally, s should be ; 40% of X. A plot
indicating the linearity of response with
respect to concentration is required for each
species in each matri x.

DATA | NTERPRETATI ON & REPORTI NG

A

Summary tabl es should depict all sanple results (field
and | aboratory). These tables should also include the
best estinmate of "true values" given the
field/laboratory correlation data, surrogate recoveries,
and secondary |line analysis results. Exanple

cal cul ati ons shoul d be i ncl uded.

Al "corrected" data should be plotted on a scal ed
sitel/ area map.

A hard copy of all data results should be submtted.
Many instrunents are able to produce contam nant contour
di agranms, as well as hard copies of data.

Al QN QC deliverables should be submtted as a separate
section to the report.

HEALTH & SAFETY CONSI DERATI ONS

A

Pot enti al Physical Hazards - The instrunentation
utilized should be handled with care, as a radioactive
Iight source is present.

Pot enti al Chenical Hazards - There are no unusua

chem cal health or safety considerations specifically
pertaining to the use of field XRF;, however, al

manuf acturer's recomendati ons and cauti ons shoul d be
f ol | oned.
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APPENDI X
APPROXI MATE DETECTION LIM TS ATTAI NABLE

El enent Portabl e Laboratory Unit Mobile Unit
(i nternal probe) (renote probe)
Ant i nony 5 ppm 50 ppm
Arsenic 10 ppm 25 ppm
Bari um ? 30 ppm
Cadm um 5 ppm 35 ppm
Chrom um 20 ppm 50 ppm
Copper 20 ppm 40 ppm
Lead 6 ppm 50 ppm
Mer cury 5 ppm 30 ppm
Ni ckel 15 ppm 50 ppm
Sel eni um ? 25 ppm
Silver 10 ppm 50 ppm
Thal i um ? 30 ppm
Vanadi um ? 50 ppm
Zi nc 15 ppm 50 ppm
l ron 20 ppm 140 ppm
Manganese 25 ppm 50 ppm
Total Chlorine 100 ppm
(PCBs)
Cal ci um 200 ppm
Pot assi um 300 ppm
? Unknown MDLs
* Beryl lium and Boron can not be anal yzed using an XRF
i nstrunent.

** The detection limts reported are the best achievable
under ideal conditions. Typical MLs of three to five
times the above stated val ues shoul d be expected for
nost sites.

I nstruments included in survey:
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Delta 770 XRF Anal yst System

Tracor Spectrace 6000

Col umbi a Scientific X-net 840

Kevex 7000 x-ray fluorescence system

bR

Appr oxi mat e Cost of XRF Survey | nstrunent

Purchase: $40, 000- 55, 000.
Lease : $3,500-5, 000 per nonth.
Rental : $1000/day including anal yst.
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TI TLE: Field Delineation Using a Portable X-ray Fluorescence

(XRF) Instrument.
SUMVARY
A field portable XRF may accurately detect heavy netals in
soil below 50 ppm Detection |imts may be lower in liquid
matrices. The Data Quality Levels on pages two through ten
(2 - 10) should be read prior to using this nethod.
PURPCSE AND SCOPE

To define the mnimum standards for an x-ray fluorescence
del i neation pl an.

RESPONSI BI LI TY

The project teamis responsible for the review, and revision
of all site delineation proposals.

METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of ©Met hod
a. Field Delineation of soils.

b. Field Analysis of oils or air sanples
(contam nation collected on a filter).

C. Use of this nethod is recommended whenever
nmetal s contam nation is present.

2. Benefits of Method

a. This nmethod provides field personnel with
real -tinme information, which may be used in
maki ng field decisions.

b. An X-ray Fluorescence Spectroneter (XRF)
accurately detects netals (severa
si mul t aneously) contam nation in solid
matrices, such as soils, or particulates on a
filter.

C. The XRF is particularly sensitive to heavy
netal s, which are commonly found on industrial
sites (see Item | X for analyte list and
detection limts). Instrunental detection
[imts for nost "List Metal s" have been shown
to be at or bel ow NJDEP cl eanup criteria.
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B

C.

d. Previ ous studi es have shown good correlation
(0-30 Percent Difference) between the data
generated by XRF, and by current CLP
nmet hodol ogi es.

Interferences and Linmtations

1

2.

Restrictions of Method

a. Hot weat her (above 75 degrees) may affect the
el ectronics and battery; however, instrunent
results may not be significantly affected.

b. Several netals fluoresce at simlar
wavel engths (e.g. As and Pb; and Pb). Al
fluorescence data should be retained so that
secondary |ine (wavel ength) anal ysis may be
conducted, if required.

C. The instrunent shoul d not be exposed to rain.

d. The el emental conposition of the analysis
chanmber shoul d be consi dered when devel oping a
site specific work plan. Sone chanbers are
made of |ead, which may interfere with the
anal ysis of sanples containing | ead or
mercury. Adequate precautions should be
outlined to avoid such interferences.

D sadvant ages of the Method

a. The validity of the results is a function of
the capability of the technician to reproduce
the data. Standardi zed sanpl e preparation and
the m nim zation of any variations in sanple
screening techniques is vital to the accurate
performance of this test.

b. Detection | evel s may be above site specific
standards for certain netals.

Capabilities

1

Conmpounds Detected: Heavy Metals - Excellent
O her Elements - Variable

Matrices: Soils, Sludges, Gls - Excellent
Water - Good

Quantitation Limt: 5-50 ppm however
quantitation limts are highly dependent on sanple
matri x and handling. The site-specific
guantitation limt should be determ ned based on
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V.

site data.

| nstrunent ati on

1

The detector responds to el ectromagneti c energy
emtted in the process of fluorescence; the energy
emtted in the process is characteristic of the
atomirradiated. Two detectors are available, the
counter detector and the Si(Li) detector. The

Si (Li) detector is preferred.

Two instrunent types are avail able: wavel ength

di spersive (WD) and energy dispersive (ED). The WD
configuration provides very high resolution, at the
cost of decreased sensitivity. The ED
configuration provides high photon collection
efficiency (i.e. sensitivity), but |less resolving
power. In general, field-portable XRF instrunents
are energy dispersive due to source and optics
limtations.

Several sources, each geared to the anal ysis of
particul ar el enents, are avail able. Source

sel ection should be based on the specific netals
expected on site. Use of nore than one
source/instrument may be required. Manufacturer
recommendat i ons shoul d guide the selection of a
site specific source(s). X-ray tube sources are
preferred, as they are tunable and provide high
intensity responses.

Detection limts are a function of sanple
preparation, background radiation |evels, and
i nstrunent conponents.

Practical Consi derations

Cost per Sanple (Approximate): $20.00 - $40.00
Time Required per Sanple: 15-25 mnutes

Quality of Data (Level): Poor (Level 1) Counter
Good (Level 2) (Si)Li

Difficulty of Procedure: Sinple - Mderate
Laboratory Method Equivalent: SW846 6010 (Solids)

SW 846 200.7
(Aqueous)

METHOD PROCESS

A

Sanpl i ng Consi der ati ons
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Sanpl

This met hod may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N.J.A C 7:26E
section 2.1(b).

In general, |aboratory confirmation is required for
all "clean zone" sanpl es; however, a variance may
be granted on an el enent and site specific basis.
Addi tionally, |aboratory sanples should be
collected to provide "correlation” across the
entire "anal ysis range".

Laboratory confirmati on should be perforned on no
| ess than 10% of all sanples anal yzed.

e Collection and Handli ng

Sanpl

Sanpl es shoul d be prepared as outlined bel ow
(approximately 15 m nutes per sanple are required).

a) Screen with 10-100 nesh sieve.

b) Dry (air, oven, or heater)

c) Honogeni ze sanpl e

d) Gind to 60-100 nesh (100 nmesh is preferred)
e) Split sanple for laboratory, if required

i ng Procedures

Sanpl e should be placed in a plastic container.

The surface to be anal yzed shoul d be covered with
Saran wap which is held in place with a rubber
band.

The "w ap" surface should be placed over the
sour ce.

Fi el d Operations

1

Al'l manufacturer's operation instructions should be
foll owed. These instructions, along with an
"internal" standard operating procedure should be
submtted to the Departnent as part of a QN QC
program

Cenerally, 60 seconds nmay be required to all ow

sufficient signal averaging to occur; however,
| onger analysis tines may be required to attain
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adequate sensitivity and precision.

Quality Assurance/ Quality Contro

LEVEL 1 QA QC REQUI REMENTS

The followng are required for Level 1 Data:

1

A brief method review should be provided. An
internal SOP should be submtted to the Departnent
as part of the nmethod's QA QC program Source
choice and rationale should be included in a Q¥ QC
Plan and may be part of the SOP.

The system shoul d be configured and standardi zed
prior to site activities. Standards conposed of
actual site material should be used for final
quantitation. This may be done by collecting
"calibration standards" on-site, and back

cal cul ating concentrati ons based on fluorescence
intensity readings.

Cal i bration standards (m nimumof 5 points covering
the entire range of analysis) should be generated
for all sanple matrices (i.e. clays, sands, etc.)
using the XRF. At a mininum this five-point
calibration should be performed nonthly and prior
to beginning work at a site to assure linearity

t hroughout the entire analysis range. This
procedure may be required at a greater frequency if
a QC calibration check varies fromthe "known"

val ue by nore than 30% All contam nants of
interest should be represented in these calibration
standards for all matrices of interest.

M dpoi nt standards and aqueous bl anks shoul d be
rechecked at | east once every ten sanpl es.
Recal i bration is appropriate when val ues obt ai ned
vary fromthe "true" value by greater than 3 tines
t he standard devi ati on.

The use of a "chanber" type probe is required.

Hand hel d probes are nore susceptible to background
interferences than are "chanber" type probes.
Additionally, the optical configuration of hand
hel d units prevents efficient photon collection,

t hereby | owering sensitivity, accuracy, and
preci si on.

Experimental estimates of precision and detection
[imt(s), for each contam nant of concern, should
be determined with site-simlar (i.e. same matrix
or soil type) materials prior to site sanpling.
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The measurement time should be established based on
these initial site studies ( Note: Measurenent
time has a pronounced effect on precision,

accuracy, and detection limts. Longer mneasurenent
times [1 to 3 mnutes] may be required for nost
site applications).

7. A baseline scan (i.e. "clean air", "clean water" or
"clean soil" as appropriate) should be run each day
prior to analyzing any site sanples.

8. An instrunment |og should be naintained and
submtted. This log should include instrunment
mai nt enance, bl ank and calibration information
i ncluding date, tine, work conpleted, analyst's
name, calibration standard(s), source, detection
wavel ength, standard results in intensity units,
and any ot her pertinent information.

9. Field | ogs shoul d docunent sanple |ID#, date, tine,
| ocation, depth, soil type (using a standard soi
classification systemas described in the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 3.6(a)2ii), noisture (qualitative
estimate), sanpler's nane, anal yst's nane,
sanpler's & analyst's signature, and anal ysis
resul t.

10. A non-conformance sumary shoul d state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program The
inplication of all non-conformances shoul d be
clearly explained and quantified (if possible).

LEVEL 2 QA QC REQUI REMENTS

In addition to the requirenents listed for the Level 1
QA QC Data, the following are required for Level 2 Data:
1

: Each project teamthat uses this nethod is required
to operate a formal quality control program The
m ni mum requi renments of this program consist of an
initial denonstration of capability and an ongoi ng
anal ysis of calibration standards. To establish
the ability to generate acceptabl e accuracy and
preci sion, the analyst should performthe follow ng
oper ati ons:

a) A soil quality control (QC) check sanple
containing a suite of nmetals (As, Pb, Hg, Cr,
Cu, and Ni) at concentration between 50 ppm
and 500 ppmis required. The QC check sanple
shoul d be prepared by a | aboratory using stock
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st andar ds.

b) An aqueous (C sanpl e containing the above
nmentioned netals at concentrations between 10
ppm - 40 ppmis al so required.

c) The field technician(s) should analyze four
aliquots of each well m xed QC check sanple
according to standard anal ysis procedures.

d) The average detection, nean (X), and standard
deviation (s) should be calculated for each
contam nant in each matrix using the four
results.

e) For each conpound and matrix, X should be
bet ween 60% and 140% of the true val ue.
Additionally, s should be ;. 40% of X

Field anal ysis of a perfornmance eval uati on (PE)
sanple is required prior to startup of field
anal ysi s.

| nstrunent shoul d be 3-point (mnimum calibrated
each nonth and 1-point calibrated each day using

| aboratory certified standards. The standard
speci es and concentrations should be chosen based
on known site contam nati on and enconpass the range
of expected concentrations. Surrogate conpounds
shoul d al so be i ncl uded. Mat ri x-specific m ni num
detection limts should be determned for all site
speci fi c compounds.

| f standard curves remain |inear over the entire
anal ysis range, only one m dpoint standard shoul d
be anal yzed at a frequency of 1 per 10 sanples. |If
standard curves are not |linear over the entire

anal ysis range, a mninmumof 2 calibration

st andards shoul d be anal yzed at a frequency of 1
per 10 sanpl es.

Mat ri x Spi ke and Matri x Spi ke Duplicate sanples may
be required at a rate of one per 20 sanples. The
project team should determne if MS/MSD sanples are
requi red on a case-by-case basis.

Field duplicates and field split sanples should be
collected and field anal yzed at a rate of one per
20 sanpl es.

A hard copy of all data results should be

submtted. Many instrunents are able to produce
cont am nant contour diagrans, as well as hard
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copies of data. These maps should NOT be incl uded
in the Q¥ QC section.

8. Chain of custody or sanple tracking docunentation
shoul d be generated for all sanples collected and
anal yzed. This should include a statenent
certifying that all data was generated foll ow ng
proper procedures.

V. DATA | NTERPRETATI ON & REPORTI NG

A Summary tabl es should depict all sanple results (field
and | aboratory). These tables should also include the
best estimate of "true values" given the
field/laboratory correl ation data, noisture, surrogate
recovery, and secondary line analysis results.

B. Al "corrected" data should be plotted on a scal ed
site/area map.

C. Cont our di agrans should be submtted for al
contam nants of concern.

D. Al QN QC deliverables should be provided in a separate
section of the report.

VII. HEALTH & SAFETY CONSI DERATI ONS
A. Pot enti al Physical Hazards - The instrunentation

utilized should be handled with care, as a radioactive
light source is present.

B. Pot enti al Chenical Hazards - There are no unusual
chem cal health or safety considerations specifically
pertaining to the use of field XRF;, however, al
manuf acturer's reconmmendati ons and cautions shoul d be
fol |l oned.
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APPENDI X
TABLE |
APPROXI MATE DETECTION LIM TS ATTAI NABLE

El enent Portabl e Laboratory Unit Mobile Unit
(i nternal probe) (renote probe)
Ant i nony 5 ppm
Arseni c 8 ppm 15 ppm
Bari um ? 25 ppm
Cadm um 4 ppm 30 ppm
Chrom um 16 ppm 50 ppm
Copper 16 ppm 30 ppm
Lead 6 ppm 20 ppm
Mer cury 1 (?) ppm 25 ppm
Ni ckel 14 ppm 40 ppm
Sel eni um ? 20 ppm
Silver 8 ppm 30 ppm
Thal | i um ? 25 ppm
Vanadi um ? 50 ppm
Zi nc 11 ppm 30 ppm
l ron 19 ppm 140 ppm
Manganese 21 ppm 50 ppm
Total Chlorine 100 ppm
(PCBs)
Cal ci um 200 ppm
Pot assi um 300 ppm
? Unknown MDLs
* Beryl lium and Boron can not be anal yzed using an XRF
i nstrunent.

*x The detection limts reported are the best achievabl e,
based on a survey of current literature. Typical MDLs
of three to five tinmes the above stated val ues should be
expected for nost sites, if proper QA QC procedures are
fol | oned.

| nstrunents i ncl uded:

1. Delta 770 XRF Anal yst System

2. Tracor Spectrace 6000

3. Col unmbi a Scientific X-net 840

4. Kevex 7000 x-ray fluorescence system
Cost s:

Purchase - $45, 000- 80, 000
Lease - $3,500-5, 000 per nonth

84



Rental - $1,000-2,000 per day with anal yst
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TI TLE: Field Delineation of Volatile Contam nation Using a
Field Portable Gas Chromatograph (12/93).

SUMVARY:

A field gas chromatograph nay be used to anal yze VOs, SVGCs,
Pesticides, or PCBs in air, water and soil. This guidance
docunent summari zes procedures for anal yzing sanples using a
field portable gas chromat ograph. Extraction procedures
shoul d be enployed prior to analysis. The Data Quality
Level s on pages two through ten (2-10) should be read prior
to using this nmethod.

1. PURPOSE AND SCOPE

To define the mnimum standards a field gas chromatography
del i neation plan should neet to receive approval.

I11. RESPONSIBILITY

The project teamis responsible for the review and revision
of all site delineation proposals.

V. METHOD OVERVI EW

A. Applicati ons & Advant ages

1. Uses of ©Met hod

a. Field delineation of volatile, sem -volatile,
pestici de, and PCB contam nati on.

b. This method i s reconmmended whenever the
| aboratory anal ysis nethod for the
contami nants on-site includes gas
chromat ography. This nmethod shoul d not be
used until all contam nants are known or have
been characterized using GO M5 anal ysi s.

2. Benefits of Method
b. Fi el d gas chromat ography can provi de high
quality, rapid data when anal yzi ng known
vol atil e organi c conmpounds.
b. This nmethod provides field personnel with
rapid information, which may be used in making
field decisions.

B. Interferences and Linmtations

1. Restrictions of Method
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Most GC detectors are nonspecific total vapor
detectors and therefore cannot be used to

i dentify unknown substances. Many GC units;
however, have an internal |ibrary which my

i dentify conpounds based on retention tine

i ndex. Retention tinme index identification is
col um specific and should only be used as an
i ndi cator, in absence of supporting

i nformation.

These instrunents perform best when situated
in stable, tenperature-controlled
environments. Wien using in the field, it is
best to set up in an area up-wind and likely
to maintain constant tenperature (i.e. out of
direct sunlight).

This instrunment should not be exposed to
precipitation.

This instrunment is difficult to operate and
therefore should only be operated by a trained
technician famliar with the instrunent
operation, calibration, matrix preparation and
troubl e shooti ng.

D sadvant ages of Met hod

a.

Readi ngs can only be reported relative to
retention tinmes of the calibration standard
used, therefore a change in chromatography
(whi ch may be brought on by many factors) may
di sabl e conpound identification and
subsequently its quantification. The owners
manual (or an Analytical Chem stry text)
shoul d be referred to for additional

i nformation.

A high (Cl1-C6) al kane concentration in the
sanple may interfere wth the resol ution of
early eluting al kenes, aromatics, and

chl orinated al kenes. Proper colum sel ection
is critical in these types of applications.

Conbustion funmes can contam nate the
chr omat ogr aphi ¢ col um, and therefore should
be avoi ded.

Dilution of sanples may be required to elicit
separ at e chromat ogr aphi ¢ peaks.

Certain conpounds (i.e. NOwth a PID) can
produce a negative peak.
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Capabilities

1
2.
3.

Compounds Detected: VOs, BNs, Pest/PCBs, AEs.

Matrix: Water, Soil, Ar

Achi evabl e Quantitation Limt: Wter - less than
1 ppb (anal yte
dependent)

Soil - 50 ppb

| nstrunent ati on

1

The field GC instrunment can quantify all volatile
conmpounds whi ch can be identified by its internal
det ector.

Detectors vary with instrunents; however, the nost

common are the Photoionization Detector (PID), the

Fl ame 1 oni zation Detector (FID), the Argon

| oni zation Detector (AID), and the El ectron Capture
Detector (ECD) (See Detectors Section).

The internal conputerized reporting systemis
generally designed to provide a tentative
identification (based on retention tine) and an
estimated concentration (based on calibration
standards) for each conpound detected in the
sanple. See Limtations Section.

Practical Consi derations

A

Cost per Sanple (Approximte): $50-%70

Time Required per Sanple: 30-40 m nutes
Quality of Data (Level): Excellent (2)

Difficulty of Procedure: Difficult

Laboratory Method Equivalent: GC with Simlar
Det ect or

V. METHOD PROCESS

A

Sanpl i ng Consi der ati ons

1

This method may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
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fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N.J.A C 7:26E
section 2.1(b).

2. The separation colum should be properly sel ected
based on known site contam nation. Proper
mai nt enance, consistent with manufacturer's
recomendations, is also required.

3. Det ect or choi ce should be based on the
contam nation present. See Detectors Section for
det ai | s.

4. A qualified operator is essential to obtaining
quality data using a field GC.

5. The data generated using this nethod is of high
quality, particularly for headspace analysis. 1In
general , non-headspace data quality nmay be a
function of field extraction efficiency.

6. In general, |aboratory confirmation is required for
all "clean zone" sanpl es; however, a variance may
be granted on a conpound and site specific basis.
Addi tionally, |aboratory sanples should be
collected to provide correlation across the entire
anal ysi s range.

7. Laboratory confirmati on should be perforned on 10%
of all sanples field analyzed including clean zone
sanpl es.

Sanpling Procedures

1. Sanpl es should be collected in a manner that
m ni m zes sanpl e di sturbance and associ at ed
vol atilization (See NJDEP Field Sanpling Procedures
Manual and the Technical Requirenments for Site
Renedi ation, N.J. A C. 7:26E)

2. Spi ki ng sanples with surrogate conpounds is not
generally required, but may be necessary (i.e. if a
field extraction is to be conducted prior to sanple
anal ysis). Spiked sanples shall be collected at a
rate of 1 per 20 sanpl es.

3. Dupl i cate sanples should be collected at a rate of
1 per 20 sanpl es.

4. Prior to analysis sanples should be stored in a

cool er (at 4°C), out of direct sunlight.
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Field sanmpling requirenents may differ based on the
type of sanple being collected (i.e. soil-gas
sanples require collection of a gas sanple while
soi| sanples require purging or extraction).
Preci se details are beyond the scope of this
docunent. In general, sanpling should be
consistent wwth the NJDEP Field Sanpling Procedures
Manual and appropriate sections of the Techni cal
Requirenments for Site Renediation, N.J.A C 7:26E

Fi el d Operations

1

Al'l manufacturer's operation instructions should be
foll owed. These instructions, along with an
internal SOP should be submtted to the Departnent
as part of the Methods QA QC program

CGenerally up to 35 mnutes is required to allow all
species to be detected; however, actual run tinme

i s dependent on several factors, including flow
rate, tenperature, colum type, and analytes. The
exact run tinme required should be determ ned using
site-simlar material.

Fi el d operation requirenments may differ based on
the type of conmpounds being analyzed (i.e. SVOs and
Pesticides/PCBs require extraction). Field
operations should mmc |aboratory procedures to

t he greatest extent practicable.

Quality Assurance/ Quality Contro

LEVEL 1 QA QC REQUI REMENTS

The followng are required for Level 1 Data:

1
2.

A brief method review should be provided.

A single-point calibration should be conducted
prior to any field activities using site-specific
st andar ds.

Cali bration checks should be performed at a m ni mum
of twice daily. |If a calibration check falls
out si de the manufacturer's suggested range, a
conplete multi-point calibration is required.

Experinmental precision and detection limts, for
each contam nant of concern (on-site), should be
determined with site-simlar materials prior to
site sanpling. The sanple run tinme should be

est abl i shed based on these initial site studies.
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5. A baseline scan (i.e. "clean air", "clean water" or
“clean soil") should be run each day prior to
anal yzing any site sanples.

6. An instrunment |og should be naintained and
submtted. This |log should include instrunent
mai nt enance, bl ank, and calibration information,
including date, tine, analyst's nanme, calibration
conmpounds (CC), CC concentrations, and CC readi ngs
in area units.

7. Field | ogs shoul d docunent sanple |D#, date, tine,
| ocation, depth, soil type, soil npisture
(qualitative estimate), and analysis result.

8. A non-conformance sumrary should state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program Retention tine
drift should be discussed. The inplication of al
non- conf or mances shoul d be clearly explai ned and
gquantified (if possible).

LEVEL 2 QA QC REQUI REMENTS

In addition to the requirenents listed for the Level 1
QA QC Data, the following are required for Level 2 Data:
1

: Each project teamthat uses this nethod is required
to operate a formal quality control program The
m ni mum requi renments of this program consist of an
initial denonstration of capability and an ongoi ng
anal ysis of calibration standards. To establish
the ability to generate acceptabl e accuracy and
preci sion, the analyst should performthe follow ng
oper ati ons:

a) A soil quality control (QC) check sanple
cont ai ni ng gasoline at a concentration of 1-10
ppmis required. The QC check sanple should
be prepared by the |aboratory using stock
st andards prepared i ndependently fromthose
used for calibration.

b) An aqueous QC sanple prepared in the sane
fashion as the soil QC sanple and contai ni ng
| ess than 1000 ppb gasoline is also required.

c) Anal yze four aliquots of each of the well -
m xed QC check sanpl e according to standard
procedur es.

d) |f sem -volatiles (SVOs) are to be anal yzed by
the field team steps a, b and ¢ shoul d be
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repeated for #4 fuel oil.

e) | f pesticides/PCBs are to be anal yzed by the
field team steps a, b and c¢ should be
repeated for a pesticide and/or PCB m xture,
as appropri ate.

f) Cal cul ate the average recovery nean (X) and
t he standard deviation of the recovery (s) for
each paranmeter of interest in each matrix
using the four results.

9) For each conpound, X should be between 60% and
140% of the true value. Additionally, s
shoul d be + 40% of X

Fi el d anal ysis of a performance eval uation (PE)
sanple is required prior to startup of field
anal ysi s.

Met hod bl anks (i.e. syringe bl anks, equi pnment

bl anks, and instrunent blanks) should be run at the
begi nni ng and during each work day or when carry-
over froma prior sanple is anticipated. A higher
frequency may be required dependi ng upon equi pnent
use and results.

| nstrunents should be 3-point (mninun) calibrated
each nmonth and 1-point calibrated each day using

| aboratory certified standards. The standard
speci es and concentrations shoul d be chosen based
on known site contam nati on and enconpass the range
of expected concentrations. Surrogate conpounds
shoul d al so be incl uded. Matri x-specific m nimum
detection limts should be determned for all site
speci fi c conmpounds.

| f standard curves remain |inear over the entire
anal ysis range, only one m dpoint standard shoul d
be anal yzed at a frequency of 1 per 10 sanples. |If
standard curves are not |linear over the entire

anal ysis range, a mninmmof 2 calibration
standards shoul d be anal yzed at a frequency of 1
per 10 sanples. |If area counts or retention tines
differ by nore than 10, recalibration is necessary.

Matri x Spi ke and Matri x Spi ke Duplicate sanples may
be required at a rate of one per 20 sanples. The
project team should determne if MS/MSD sanples are
requi red on a case-by-case basis.

Peak integration, area of rejection (threshold) and
peak wi ndow paraneters should be submtted to the
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Department as part of the nethod QA QC proposal

8. Al'l chromatograns (i.e. sanple, method bl ank,
spi kes, and other raw data) should be submtted.
Al'l chromat ographi c peaks should be identified
(i.e. integration chart) and | abeled. A data
summary tabl e should report raw data.

9. Chain of custody or sanple tracking docunentation
shoul d be generated for all sanples collected and
anal yzed. This should include a statenent
certifying that all data was generated foll ow ng
proper procedures.

V. DATA | NTERPRETATI ON & REPORTI NG

A

Unknown peaks in chromatograns nmay be attributable to
contam nants not in the calibration standard. Retention
time index identification is sem-qualitative, and has
no quantitative val ue. | f | aboratory data (GC/ M)
confirms this identification and provides sufficient
data to determ ne a response factor (5-point
calibration), this data should be included on sunmary
reports. Retention tinme shift, as nonitored by the
surrogates, should be considered when identifying
conpounds. Exanples of the cal cul ati ons perforned
shoul d be submtted as an Appendix to the Data Report.

A data summary table should display all data, surrogate
recovery, percent noisture, etc.

Data maps should clearly depict data indicated on the
figure. Laboratory confirnmed data, should be clearly
differentiated fromfield val ues.

VII. HEALTH & SAFETY CONSI DERATI ONS

A

Potential Physical Hazards - The instrunmentation
utilized pose no unusual physical health or safety
consi derations; however, all manufacturer warnings and
cautions shoul d be observed.

Potential Chem cal Hazards - There are no unusual

chem cal health or safety considerations specifically
pertaining to the use of field GC, however, the toxicity
or carcinogenicity of the conpounds used in this nethod
are not always defined precisely. Therefore, each

chem cal compound should be treated as a potenti al

heal th hazard. Exposure to these chem cals should be
reduced to the | owest possible | evel by whatever neans
avai l able. The analytical teamis responsible for

mai ntaining a current awareness file of OSHA regul ations
regarding the safe handling of the chem cals specified
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VI,

I X.

inthis method. A reference file of material safety
data sheets (MSDS) should al so be nade avail able to al
personnel involved in the chem cal analysis.

SAVPLE PREPARATI ON FOR SVOs AND PESTI Cl DES/ PCBs
An approved extraction procedure is required. An NJDEP

certified | aboratory or the Departnent should be
consul ted regardi ng proposed extraction procedures.

DETECTORS

Phot oi oni zati on Det ector

1. Applications

a) Selectivity: Mnimal - Detects Organic &
| norgani ¢ conpounds with ionization
potentials |ower than the energy of the
i nternal |anp.

b) Sensitivity: Very Good - Detection limts are
typically 10-50 ppb.

c) Durability: Good
2. Theory

a) A PIDis nonspecific and nmay detect al
species with ionization potentials |ess than
the energy of the internal |anp, including
i nor gani ¢ conpounds.

3. Conment s

a) The PID can not be used to identify unknown
subst ances, w thout supporting |aboratory
information. Detector |anp energy selection
can provide a degree of conpound specificity
by limting the conpounds to which the GC
system may be sensitive. Attachnent 1
provi des ionization potential ranges for a
vari ety of conpound classes commonly found on
industrial facilities.

b) The PI D device does not respond to al
conpounds simlarly (i.e. response factors
differ substantially). Table I, Attachnent 2,
is intended to provide an exanple of this
differing response.

C) A single GJPID instrument may be avail abl e
with several |anp energies. Although the use
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B

of other | anps may provi de sone conpound
specificity, detector response often differs
substantially between these detectors. An
exanple of this is provided in Table 11
Attachnment 2.

4. I nterferences

a) The PI D does not respond to certain | ow
nmol ecul ar wei ght hydrocarbons, such as net hane
or ethane al though these conpounds may
interfere with the detection of |ighter (C1-
C6) hydrocar bons.

b) Certain toxic gases and vapors (i.e. carbon
tetrachl ori de and HCN) can not be detected by
the PID, due to their high ionization
potentials. In general, conpounds wth high
energy bonds (indicated by differing
el ectronegativities) may not be easily
detected by the PID

Fl ane 1 oni zation Detector
1. Applications

a) Selectivity: Mnimal - The FID detects any
conmpounds whi ch may burn.

b) Sensitivity: Good - Detection limts are
typically in the 10-100 ppb range.

c) Durability: Fair - Gas tanks are required,
maki ng the detector cunbersone to use.

2. Theory

a) The FID detector is a non specific total
organi ¢ vapor detector. The FID may not
respond to inorgani c conmpounds.

b) The FID utilizes the principle of hydrogen
flame ionization for detection and nmeasurenent
of organic vapors. Only conpounds that burn
may be det ect ed.

3. Comment s

a) The FI D device does not respond to al
conpounds simlarly (i.e. response factors may
differ).

4. I nterferences
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a) Met hane may be detected by a FID detector.

C. El ectron Capture Detector

1

Applications

a) Selectivity: Mderate - the ECD detector may
detect electrophilic volatile organic
conpounds (i.e chlorinated organics,
carbonyls, sulfur, nitrogen). No other
or gani ¢ conpounds may be det ect ed.

b) Sensitivity: Good - detection limts in the
10 ppb range can be expected. The ECD is one
of the nost sensitive gas chromatography
detectors currently avail abl e.

c) Durability: Mderate
Theory

a) The ECD detects conpounds by observing a
change in "standing current." The standing
current is created by passing the effluent
over a beta-emtter, thus ionizing it. This
i oni zati on causes the production of a burst of
el ectrons, also called the standing current.
The current decreases in response to the above
ment i oned conpounds.

b) Linearity is limted to 2 orders of magnitude.
General Comments

a) Thi s detector should not be used during
initial site screening. The detector may not
detect nost chem cal s.

| nterferences

a) Moi sture has been shown to obscure the
resol ution of target conpound peaks. The
reason for this interference has not been
det er m ned.

b) In general, this instrument may only detect
hal ogenat ed, carbonyl, and nitro-conpound
vapors. Peaks may not be observed for non-
el ectrophilic conmpounds. Hi gh sanple
concentrations of alkanes may interfere with
t he detection of early eluting chlorinated
al kenes.
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X.

D. Argon | oni zati on Det ector

1. Applications

a)

b)

c)

Selectivity: Mnimal - The AID may respond to
t he sane conpounds as the PID

Sensitivity: Fair - The AIDis not as
sensitive as other detectors.

Durability: Excellent - The AIDis the nost
durabl e detector in this group.

2. Theory

a)

An Al D detector may detect volatile organic
conpounds with ionization potentials |ess than
the energy of the internal argon lanmp (11.7
eV). Attachnment 1 provides ionization
potentials for many of the conpound cl asses
commonly found on industrial facilities.

3. Conment s

a)

The AID detector is useful for site screening
since nost conpounds are detected.

4. | nterferences

a)

b)

c)
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APPENDI X

TABLE 1

Approxi mate |l oni zation Potentials For d asses

Cl ass Appr oxi mat e Not es
P (eV)
Paraffins 9.8 - 10.8 Cycl o-Paraffins
Al kyl Halides 10.5 - 11.5 Chl ori nat ed Conpounds
9.0 - 10.5 Brom nat ed and
| odi nat ed Conpounds
11.7 - 12.9 Fl uori nat ed
Compounds, i.e.
Fr eons
Al'i phatics 10.0 - 11.0 Al cohol s
9.2 - 10.0 Et hers
9.1 - 9.5 Thi ol s
8.3 - 8.7 Sul fi des
9.5 - 10.9 Al dehydes
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8.9
10.0
10.0
7.2
8.6
10.7
10. 4
9.1
A efins 8.9
Hetero-Cyclics 8.0
Aromati cs 7.7
Sul fi des 8.2

1
=
= F F
N~ N oo O N P W O O kP O

Ket ones

Aci ds

Esters

Am nes

Am des

Ni tro-aliphatics
Nitriles

Cyano Conpounds
Acet yl enes

(i.e. Furans)

(i.e. Hydrogen
Sul fide, Methyl
Mer capt an)

TABLE ||

Rel ative Sensitivity For

Compound d asses

PI D
Cl ass Rel ati ve Exanpl es
Sensitivity
Aromati cs 100% Benzene, Tol uene,
Styrene
Al'i phatic Am nes 100% Di et hyl am ne
Chl ori nat ed, 50- 90% Vi nyl Chloride,
Unsat ur at ed Di chl or oet hane,
Al'i phatics Tri chl or oet hyl ene
Car bonyl s 70- 90% MEK, M BK, Acetone,
But anone,
Cycl ohexanone
Unsat ur at ed 30-50% Acrol ei n, Propyl ene,
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Al'i phatics
Sul fi des

Par af fi ns

(G-C)
Anmoni a

Par af fi ns
( Cl' C4)

30-50%

10- 30%

1- 5%
0%

Al'lyl Al cohol

Hydr ogen Sul fi de,
Met hyl Mer capt an

Pent ane, Hexane,
Hept ane

Met hane, Et hane
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TABLE |11
Rel ati ve Lamp Sensitivity

| oni zati on Lanp Energy
Pot ent i al

(eV) 9.5 eV 10.2 eV 11.7 eV
8.0 - 9.5 7-10% 100% 7-12%
9.5 - 10.2 5-10% 100% 10- 15%
10.2 - 11.7 0% 100% 10- 50%
greater than 11.7 0% 0-20% 100%
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TI TLE: SW 846 Series 4000 and Alternate |nmunoassays for

Screening Solid and Liquid Sanpl es
SUMVARY

| mmunoassays are unique in that each manufacturer produces a
di stinct antibody which is applied to an independent matri x.
Al t hough the technology is the sane for each test kit, the
differences in application of the technol ogy all ow for
differences in performance. The draft and approved SW 846
met hods have gone through a rigorous eval uati on process and
have been denonstrated to be capabl e of producing Data
Quality Level 2 data. Likew se, other nethods have gone

t hrough rigorous evaluation while other nethods are fairly
new and have not been fully denonstrated to produce

consi stent Level 2 data. Therefore, non-SW846 nethods wl|l
be evaluated on a case specific basis to determ ne the
appropriate data quality level. Once a non-SW846 test

met hod has been approved for use, the nethod wll
automatically be approved for simlar use on other cases.

| mmunoassay anal ysis may be used to delineate several groups
of organi c conpounds including PCB, TPH, PCP BTEX,

pesticides, TNT and PAH in soils and groundwater. Extraction
fromsolid sanples is required and direct analysis of |iquid
sanpl es may be possible. A colorinetric reaction occurs when
anti bodi es that are not bound by a specific contam nant of
concern are exposed to a devel oping solution. Detection
limts range fromppb to ppm depending on the conpound and
matri x. The Data Quality Levels on pages two through ten (2-
10) should be read prior to using this nethod.

PURPOSE AND SCOPE

To define the m ni mum standards for the use of inmunoassay
technol ogy for delineation, characterization and nonitoring
proposal s consistent with the Data Quality Levels.

RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site delineation proposals.

METHOD OVERVI EW

A. Applicati on & Advant ages

1. Uses of ©Met hod
a. Field Delineation of Soils.

b. Field Screening of Water.
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This method is recommended for site screening,
del i neation, characterization and nonitoring
when organi ¢ conpounds (i.e. PCB, TPH, PCP
BTEX, pesticides, TNT and/or PAH) are the
known conpounds of concern.

2. Benefits of Method

a. Provides field personnel wth real-tine
i nformati on which may be used in making field
deci sions regarding site delineation and
remedi ati on.

b. This method expedites the site investigation
and contam nant delineation process while
providing better site definition at a reduced
cost .

C. Can be used by field technician with mnima
training.

d. Hi gh nunbers of sanples can be anal yzed per
day.

B. Interferences and Limtations

1. Restrictions of Method

a.

Each kit is analyte specific and nmay be
subject to little interference from ot her
conpounds; however, contam nants not targeted
by the anti body coated material may not be
detected (i.e. PCB test kits may target
certain aroclors or have varying detection
l[imts for different aroclors). Each kit
shoul d contain a cross reactivity profile.

Tenperature fluctuati ons may cause differences
in chem cal reactions which may give different
results. Therefore, standards or references
shoul d be run along side of each group of
sanpl es anal yzed. Sanples should not be

anal yzed outside of the tenperature limts or
in direct sunlight.

Kits shoul d not be exposed to extrene
tenperatures (i.e. less than 32°F or greater
t han 100°F - see manufacturer's
recommendat i ons) when bei ng stored.

Confirmation of field analysis should be

provi ded in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C
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C.

2.

7:26E . Quantitation of the analyte should be
performed by an approved | aboratory nethod
fromacross the range of results including al
cl ean zone sanpl es.

D sadvant ages of Met hod

a. Up to twenty percent (20% false positives and
up to ten percent (10% false negatives can be
expect ed dependent, on test kit used, conpound
anal yzed and matrix. Draft and approved SW
846 net hods generally have a | ower percent of
fal se positives and fal se negatives, thereby
provi di ng greater confidence.

b. Sanple matri x may cause fal se positives.
C. Sol ids present in aqueous sanples may

interfere with anti body/conjugate reactions,
thereby giving a fal se negative result.

Capabilities

1

Conpounds Det ected: Polychl orinated Bi phenyls (PCB)

(Met hod dependent) (arochl or dependent), Tot al
Petroleun1kwdrocarbons ( TPH)
(based on fuel products - i.e.
gasoline and No. 2, No. 4 and
No. 6 fuel oils),
Pentachlorophenol (PCP),
Benzene, Tol uene, Ethyl benzene
and Xyl ene (BTEX) (benzene has
a reduced sensitivity conpared
to the substituted aromatics),
pesticides, trinitrotoluene
(TNT) and Pol ynucl ear Aromatic
Hydrocarbons (PAH). Kits may
be avail abl e for other
conmpounds.

Matrix: Soils - Delineation, Screening and/or
Moni t ori ng
Water - Screening and/or Monitoring

Achi evabl e Quantitation Limts: Dependent on
conpound, sanple conditions, matrix and test kit
used, ppb range to ppmrange. See individual test
kits for detection limts.

The information obtained is either sem -
guantitative (i.e. greater than or less than a
predeterm ned value) or quantitative over a
speci fied range.

106



Ef fective use of this technol ogy requires the
project teamto select clean zone sanples for

| aboratory confirmation as well as a cross section
of the range of results (for quantitative methods).
The goal of the laboratory confirmation is to
determ ne that the clean zone has been correctly
del i neated and val ues determ ned are representative
of site conditions.

| nstrunent ati on

1

Several conpanies offer inmmnoassay kits specific

t o conmpounds of concern and concentration ranges.
Kits are available for PCB, TPH, PCP BTEX,

pestici des, TNT, PAH and may be avail able for other
speci fi c conmpounds.

Kits consist of the necessary chem cals to extract

t he conpound of concern (if required), antibody
coated materials and col or devel oping chemcals. A
photoneter/refl ectometer or a color chart is
required for quantitation.

Practical Consi derations

4.
5.

Cost per Sanple (Approximte): $20 - $60

Time Required per Sanple: |ess than 30 m nutes
(mul tiple sanples)

Quality of Data (Level): Level 2
Difficulty of Procedure: Sinple
Laboratory Method Equi val ent: None

V. METHOD PROCESS

A

Sanpl i ng Consi der ati ons

1

This method may be used during the renedial
investigation (RI') for delineation purposes and
during the site investigation (SI) for initial
characterization sanpling to determne that up to
fifty percent (50% of the sanples are not

contam nated in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 2.1(b).

Del i neati on sanpling frequency should be in

accordance with the Technical Requirements for Site
Renedi ation, N.J.A C 7:26E
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Sanpl

Ten percent (10% of the results produced by this
met hod shoul d be | aboratory confirnmed by
appropriate | aboratory nethods in accordance with
t he Techni cal Requirenmentsfor Site Renmedi ation
N.J.A C 7:26E

The results produced by this nethod are either

sem -quantitative as they are expressed as a range
(i1.e. greater than 50 ppmand | ess than 100 ppm or
guantitative over a specified range.

The field technician using the test kit should have
proof of training by the manufacturer or their
representative.

Sanpling of the matrix should be consistent with

t he procedures established in the May 1992 Field
Sanpl i ng Procedures Manual and appropriate sections
of the Technical Requirenments for Site Renediation
N.J.A C 7:26E

i ng Procedures

3.

Col | ect an appropriate amount of solid or liquid
sanpl e according to directions in test kit.

Sanpl es should be collected with appropriate
equi pnrent and placed into a proper handling vessel.

Prepare sanples for extraction.

Fi el d Operations

Each

kit may contain specific instructions for sanple

preparation and anal ysis; however, the follow ng

pr ovi

1

des general guidelines.

Prepare sanpl es via wei ghing or nmeasuring vol une,
filtering and diluting sanple (contam nants may be
extracted with |aboratory grade nethanol,

i sopropanol, acetone or other solvents as specified
by the manufacturer).

Add sanmpl es and standards al ong with enzyme
conjugate to anti body coated materi al s.

After one to ten (1 - 10) mnutes (tinme may vary
with kits), wash the materials and add col or
devel opi ng reagents.

Pl ace devel oped materials into photonmeter or
refl ectometer or conpare to color chart. Conpare
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results to standards.

Quality Assurance/ Quality Contro

LEVEL 1 QA QC REQUI REMENTS

The followng are required for Level 1 Data:

1. A brief method summary i s required.

2. St andards should be run with each group of sanples
anal yzed.

3. Col l ection and anal ysis of uncontam nated sanpl es

fromeach site matri x anal yzed shoul d be perforned
each day to docunent possible matrix interference.

4. An instrunment |og should be naintained and
submtted (where appropriate). This |log should
i ncl ude instrunent mai ntenance, bl ank, and
calibration information, including date, tine,
anal yst's nane, calibration conpounds (CC), CC
concentrations, and CC readings in area units.

5. The raw data (i.e. photoneter/reflectoneter
readi ng), calibration of photoneter/reflectoneter
(if required), calculations for quantitative
results and final results of field analysis for al
sanpl es screened (including QC and standard
sanpl es) are required.

6. Field | ogs shoul d docunent sanple |D#, date, tine,
| ocation, depth, soil type (using a standard soi
classification systemas described in the Techni cal
Requirenments for Site Renediation, N.J.A C 7:26E
section 3.6(a)2ii) or matrix, soil noisture
(qualitative estimate if appropriate), and analysis
time and result.

7. Sanpl e duplicates should be perforned in the field
at the rate of at |east one (1) for every twenty
(20) sanples, to docunent method repeatability.

8. A non-conformance summary should state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program The
inplication of all non-conformances shoul d be
clearly explained and quantified (if possible).

LEVEL 2 QA QC REQUI REMENTS

In addition to the requirenents listed for the Level 1
QA QC Data, the following are required for Level 2 Data:
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VI .

DATA

1. Fi el d anal ysis of a performance eval uation (PE)
sanple or reference sanple is required daily.

2. One (1) nethod blank and rinsate blank (if
appropriate) should be field anal yzed daily.

3. One (1) matrix spi ke analysis should be perforned
dai l y.
4. Chain of custody or sanple tracking docunentation

shoul d be generated for all sanples collected and
anal yzed. This should include a statenent
certifying that all data was generated foll ow ng
proper procedures.

5. Addi tional QA QC procedures as recommended by the
manuf act ur er.

| NTERPRETATI ON AND REPORTI NG

A hard copy of all photoneter/reflectoneter readings
shoul d be included as a Q& QC Section Deliverable.
Handwritten copies of the readouts are acceptable if the
instrument is not capable of down | oadi ng.

A field data | og should include: date, tinme, matrix
description (i.e. soil type or groundwater description),
tenperature, location, depth, field technician' s nane,
field analyst's signature (certifying results), and
photoneter/refl ectoneter reading. Calibration
procedures perfornmed before and after data collection
shoul d be provided (if required).

Data summary sheets should be included as a separate
section of the site assessnent report. These sheets
shoul d i nclude: sanple location, sanple depth,
instrument reading, |aboratory confirmation results
(where applicable) and analysis results (based on
cal cul ati ons and standards).

Al results should be plotted on a scaled area (or site)

map. Contour |ines should be drawn for each

cont am nant .

Requi red QA/ QC Del i verabl es

1. Chain of custody or sanple tracking docunentation
for every sanple collected and analyzed in the
field. Docunentation should be provided at the end
of the final data report.

2. Sanpl e data packages should contain the foll ow ng
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VI,

VI,

information: Sanple results summary, standard
results and detection limts.

3. Non- conf ormance summary report in narrative and/or
tabular form Al data falling outside of the QC
criteria specified and approved in the QA plan as a
del i verabl e shoul d be highlighted. The analyst's
signature should certify conpliance with approved
procedures and recording of actual results.

HEALTH AND SAFETY CONSI DERATI ONS

A

The toxicity or carcinogenicity of the conpounds used in
this nmethod are not always defined precisely.

Therefore, each chem cal should be treated as a
potential health hazard. Exposure to these chem cals
shoul d be reduced to the | owest possible |evel by

what ever neans avail able. The analytical teamis
responsi bl e for maintaining a current awareness file of
OSHA regul ations regardi ng the safe handling of the
chem cals specified in this nmethod. A reference file of
materi al safety data sheets (MSDS) shoul d al so be nade
avai lable to all personnel involved in the chem cal

anal ysis. Disposal of materials should be in accordance
with local, state and federal requirenents.

REFERENCES

Carter, K R "The Application of |Immunoassay-Based Field
Anal yti cal Met hods"

Chapin, R and Cohen, S. "UST Site Renediation: A case
for On Site Analysis,” Reprinted from Environnent al
Laborat ory Copyright October/ Novenber 1993.

Engle, S.W, Harrison, RO, Scallan, A, Mckes, MC
"Application of Two Field Enzyne | nmunoassay Test Kits
for PCBs During Superfund Renedi ation”, Monitoring And
Sanpling, pp. 238-241.

Ki kani, B., Kosinski, N and Rittenburg, J. "Analysis of
Trinitrotol uene by I munoassay”, Presented at the Ninth
Annual Conference on Contam nated Soils, Amherst, MA,
1994.

Ki kani, B., Twam ey, C., Crawford, J., Hobbib, G and
Rittenburg, J. "A Conparison Between an Onsite

| mmunoassay Based Detection Method and Gas

Chr omat ogr aphy for Pol ynucl ear Aromati c Hydrocar bon
Measurenent", Hydrocarbon Contam nated Soils, Vol. IV,
Lewi s Publishers, Chelsea, M, 1993.

"Met hod 4010 Screening for Pentachl orophenol by

111



10.

11.

12.

| munoassay"”, USEPA SW 846, Revision Draft 1, October
1992.

"Met hod 4020 Soil Screening for Polychlorinated
Bi phenyl s by | mmunoassay", USEPA SW 846, Revision Draft
1, COctober 1992.

"Met hod 4030 Soil Screening for Petrol eum Hydrocar bons
by I mmunoassay”, USEPA SW 846, Revision Draft 1, Cctober
1992.

"Met hod 4031 Soil Screening for BTEX by | nmunoassay”,
USEPA SW 846, Draft 1, March, 1994.

Stocker, DR, Mller, SSM, Rttenburg, J.H , Twanl ey,
C., Lal, B.S. and Gothaus, G D. "Analysis of Gasoline
in Soil and Water Using a Rapid On-Site | munoassay
Systent, Presented at The Hydrocarbon Contam nated Soil s
Conference, University of Massachusetts, Septenber 21-
24, 1992.

Twam ey, C., Kikani, B., Cawford, J., Hobbib, G and
Rittenburg, J. "Analysis of Polynuclear Aromatic
Contam nation in Soils Using Rapid On-Site | nmunoassay
Systent, Presented at HMCRI Superfund Conference,

Washi ngton, D.C., Novenber 30, 1993.

Vander|l aan, M, Watkins, B.E., Stanker, L.

"Environnmental Monitoring by |Inmunoassay"”, Environnental
Sci ence and Technol ogy, Vol. 22, No. 3, 1988.

112



(This page left blank intentionally)

113



TI TLE: I nfrared Method for Analysis of Total Recoverable

Pet r ol eum Hydr ocar bons (TRPH) (12/93)
SUMVARY

The infrared nmethod may be used to delineate |ight petrol eum
fuel hydrocarbons in both soils and groundwater. Extraction
from both aqueous and solid sanples is required. Absorbance
at the 3200 to 2700 cmi’ is indicative of hydrocarbon presence
with the G H bond absorbance occurring in the range of 2930
cm’ to 2950 cm'. Detection linmts are in the range of 1 - 5
ppm dependent on the conditions and matrix. The Data Quality
Level s on pages two through ten (2-10) should be read prior
to using this nmethod.

PURPOSE AND SCOPE

To define the m nimum standards for an infrared absorption
del i neation proposal consistent with the Data Quality Levels.

RESPONSI BI LI TY

The project teamis responsible for the review and revision
of all site delineation proposals.

METHOD OVERVI EW

A. Applicati on & Advant ages

1. Uses of Met hod

a. Field Delineation of Soils.

b. Field Screening of Water.

C. This method is recommended for site screening
and del i neati on when extractabl e petrol eum
hydr ocar bons are the conpounds of concern.
Most accurate results are obtained when the
conpound has twelve or nore (>12) carbons.

2. Benefits of Method

a. Provides field personnel wth real-tine
i nformation which may be used in making field
deci sions regarding site delineation.

b. Thi s met hod expedites the delineation process
while providing better site definition at a
reduced cost.

C. The met hod can be used in a nobile |aboratory.
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B. Interferences and Limtations

1. Restrictions of Method

a.

The method is not appropriate for quantifying
non- al kyl ated aromatics such as benzene and
napht hal ene.

The Freon-113 sol vent does not dissol ve heavy
oils and asphalts conpletely. Therefore, the
extraction and analysis of these conpounds
will be biased | ow

Confirmation of field analysis should be
provi ded in accordance with the Techni cal
Requirenments for Site Renediation, N J.A C
7:26E. Quantitation of the analyte should be
performed by an approved | aboratory nethod
(i.e. 418.1, 413.2) from across the range of
results including clean zone sanpl es.

2. D sadvant ages of Met hod

a.

The sensitivity for al kylated aromatics such
as toluene and xylenes is very | ow.

Fal se negative results may be caused by poor
sensitivity for aromati c conpounds. Fuels can
contain fifteen to twenty percent (15% - 20%
aromati ¢ conmpounds. Light fuels (i.e.
gasoline) may not be detected.

Fal se positive results may be caused by
certain soil types including weathered
i mestone, clays and silts.

The net hod does not give specific conpound
i nformation.

Enmul si ons which are hard to break down may
formduring extraction.

The net hod detects conpounds that are not
pet rol eum conpounds. These conpounds are
measured as part of the TRPH

| f the shaking nethod of agitation is used and
the container is vented, volatile organics may
escape and the results may be biased | ow.

C. Capabilities

1. Conpounds Detected: Extractable Petrol eum
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Hydr ocar bons

2. Matrix: Soils - Delineation or Screening
Water - Screening

3. Achi evabl e Quantitation Limts: Dependent on
sanpl e conditions and matrix, 1 - 5 ppm

4. The information obtained is quantitative, but not
conpound specific and therefore, should be
| aboratory confirmed in accordance with the
Techni cal Requirenents for Site Renmedi ation
N.J. A C 7:26E.

5. Ef fective use of this technol ogy requires the
project teamto select clean zone sanples for
| aboratory confirmation as well as a cross section
of the range of results. The goal of the
| aboratory confirmation is to determ ne that the
cl ean zone has been correctly delineated and val ues
determined in the field are representative of site
condi ti ons.

D. | nstrunent ati on

1. A assware, filter paper, centrifuge, pipette, paint
or lateral shaker, infrared spectronmeter (scanning
or fixed wavel engt h)

2. Distilled water, hydrochloric acid, Freon-113 or
substitute, sodiumsulfate, activated silica gel
fused silica cells, hydrocarbon standards

E. Practical Consi derations

1. Cost per Sanple (Approximate): $20 - $60
Time Required per Sanple: |ess than 30 m nutes
Quality of Data (Level): Level 2

Difficulty of Procedure: Moderate

A

Laboratory Method Equivalent: 418.1, 413.2, OQA-
QAM 005- 12/ 89

V. METHOD PROCESS

A. Sanpl i ng Consi der ati ons

1. This method may be used for delineation purposes
during the renedial investigation (RI') and for
initial characterization sanpling during the site
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Sanpl

investigation (SI) to determine that up to fifty
percent (50% of the sanples are not contam nated
in accordance with the Techni cal Requirenents for
Site Remediation, N.J.A C 7:26E, section 2.1(b).

Del i neati on sanpling frequency should be in
accordance with the Technical Requirements for Site
Renedi ation, N.J.A C 7:26E

Ten percent (10% of the results produced by this
met hod shoul d be | aboratory confirmed by
appropriate | aboratory nethods in accordance with
t he Technical Requirenents for Site Renediation
N.J.A C 7:26E

The results produced by this nethod are
quantitative; however, not conpound specific.

i ng Procedures

4.

Col | ect an appropriate amount of solid or liquid
sanple (i.e. 20 g of soil) required per analysis.

Sanpl es should be collected with appropriate

equi pnent and placed into a proper handling vessel
(i.e. soil should be placed into a 16 oz french
square bottle with m ni nrum exposure).

Sanpl es which are not to be analyzed within four
(4) hours should be preserved utilizing HO for
aqueous sanples and cooling to four degrees
centigrade (4°C) for both aqueous and solid
sanpl es.

Set sanples aside for extraction and preparation.

Fi el d Operations

Speci

fic procedures may be nodified dependent on the

instrunmentation utilized and conpound array suspected.
The follow ng general guidelines should be observed.

1

Pl ace approximately 20 g of soil in a 16 oz french
square bottle with m ni rum exposure, along with 50
m of distilled water and adjust pHto 3 wth HJ.

Cap the bottle tightly using a Teflon |ined cap
and shake mldly for 1 to 2 mnutes to disperse the
soil .

After shaking, pipette 25 ml of Freon-113 into the
bottl e and shake well for 15 m nutes using a paint
or lateral shaker. At the end of the shaking

period, let stand to permt contents of bottle to
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separate into distinct layers. NOTE: Venting the
bottl es at the beginning of this procedure may
avoi d pressure buil dup; however, a loss of volatile
or gani ¢ conpounds may result.

|f Freon forms an enulsion that fails to dissipate,
it can be broken by centrifugation or by adding 1 g
of sodiumsulfate into a filter paper cone and
slowy draining the enmul sion through the salt.

Using a pipette, renove about 10 ml of Freon from
the appropriate layer and filter it through a
colum of 5 grans of activated silica gel directly
into al cmpathlength fused silica cell. Fill a
mat ched reference cell with clean Freon-113.

Place the cells in the appropriate beans of t he
instrument and scan from 3200 to 2700 cnmi' using
medi um scan speed (hbte a fixed wavel ength IR may
be used at 2930 cm' or 2950 cni’). Drawi ng a

hori zontal fromthe baseline, neasure the net
absorbance at 2930 cm' (3.42 um) or 2950 cmi' (3.39
pm . |If the absorbance exceeds 0.80, dilute as
needed and re-anal yze.

Prepare the standards of a known hydrocarbon in
Freon in the concentration range of approxi mately
50 to 5000 ng/l. It is inportant to choose a
standard that nost closely resenbles t he scan of
the unknown in the 2700 to 3200 cm' region,
speC|f|caIIy t he absorbance at about 2880, 2930 and
3040 cm'. Appropriate standards may i ncl ude: 1)
EPA standards of reference chl orobenzene, isooctane
and hexadecane, 2) reference gasoline that is known

to be involved in the spill and which has been
weat hered (evaporated) to be between 25 and 50% by
volume, 3) distillate fuel oil, fresh or weathered

and 4) heavier products such as oils and residual
fuel s.

Anal yze the standards in a simlar fashion as the
sanples. Prepare a calibration curve by plotting
t he net absorbance val ues versus the concentration
inng oil/m Freon on |inear graph paper and
drawi ng a straight line of best fit.

Cal cul ate the concentrati on of hydrocarbons in the
solid sanples as follows:

my of hydrocarbons/kg of soil = SxYxexiw

w

wher e:
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concentration of hydrocarbons obtained from
the calibration curve (nmg oil/m Freon),

vol ume of Freon 113 used for extraction (m)
dilution factor, if any, and

wei ght of soil sanple (9).

su< O
11l

" Results are on a wet weight basis.

Cal cul ate the concentrati on of hydrocarbons in the
aqueous sanpl es as foll ows:

Cx VxD

ug of hydrocarbons/| of water =

V2

wher e:

C concentration of hydrocarbons obtained from
the calibration curve (ng oil/m Freon),

\ vol une of Freon 113 used for extraction (m)
D dilution factor, if any, and

V,= volunme of aqueous sanple (I).

Qual ity Assurance/ Quality Contro

LEVEL 1 QA QC REQUI REMENTS

The followng are required for Level 1 Data:

1
2.

A brief method sunmary.

A single point calibration should be conducted
prior to any field activities using site-specific
st andar ds.

Cali bration checks should be performed at a m ni mum
of twice daily. |If a calibration check falls
out si de the manufacturer's suggested range, a
conplete multi-point calibration is required.

A baseline scan (i.e. "clean air", "clean water" or
“clean soil" as appropriate) should be run each day
prior to analyzing any site sanples.

An instrunment |og should be naintained and
submtted (where appropriate). This |log should
i ncl ude instrunent mai ntenance, blank, and
calibration information, including date, tine,
anal yst's nane, calibration conpounds (CC), CC
concentrations, and CC readings in area units.

Field | ogs shoul d docunent sanple |D#, date, tine,
| ocation, depth, soil type (using a standard soi
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classification systemas described in the Techni cal
Requirenments for Site Renediation, N J.A C 7:26E
section 3.6(a)2ii), soil nmoisture (qualitative
estimate), and analysis result.

7. The raw data (i.e. absorbance reading), calibration
of spectrophotoneter (if required), calcul ations
for quantitative results and final results of field
anal ysis for all sanples screened (including QC and
standard sanples) is required.

8. Sanpl e duplicates should be perforned in the field
at the rate of at |east one (1) for every twenty
(20) sanples, to docunent method repeatability.

9. A non-conformance sumrary should state all data
i nconsi stencies and all divergences fromthe
approved sanpling/anal ysis program The
inplication of all non-conformances shoul d be
clearly explained and quantified (if possible).

LEVEL 2 QA QC REQUI REMENTS

In addition to the requirenents listed for the Level 1
QA QC Data, the following are required for Level 2 Data:
1

: Each project teamthat uses a Level 2 Method is
required to operate a formal quality control
program The mnimumrequirenments of this program
consist of an initial denonstration of capability
and an ongoi ng anal ysis of calibration standards.
To establish the ability to generate acceptable
accuracy and precision, the analyst should perform
the foll ow ng operations.

a) A soil quality control (QC) check sanple. The
QC check sanpl e should be prepared by the
| aboratory using stock standards prepared
i ndependently fromthose used for calibration.

b) An aqueous QC sanple prepared in the sane
fashion as the soil QC sanple is al so
required.

c) Anal yze four aliquots of each of the well-
m xed QC check sanpl e according to standard
procedur es.

d) Cal cul ate the average recovery nean (X) and
t he standard deviation of the recovery (s) for
each paranmeter of interest in each matrix
using the four results.
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VI .

DATA

e) For each conpound, X should be between 60% and
140% of the true value. Additionally, s
shoul d be + 40% of X

2. Fi el d anal ysis of a performance eval uation (PE)
sanple is required prior to startup of field
anal ysi s.

3. One (1) nethod blank and rinsate bl ank shoul d be
field anal yzed daily.

4. | nstrunent shoul d be 3-point (mninmum calibrated
each nmonth and 1-point calibrated each day using
| aboratory certified standards. Choice of the
standard speci es and concentrations shoul d be based
on known site contam nati on and enconpass the range
of expected concentrations. Surrogate conpounds
shoul d al so be incl uded. Matri x-specific m nimum
detection limts should be determned for all site
speci fi c conmpounds.

5. | f standard curves remain |inear over the entire
anal ysi s range, only one m dpoint standard shoul d
be anal yzed at a frequency of 1 per 10 sanples. |If
standard curves are not |linear over the entire
anal ysis range, a mninmmof 2 calibration
standards shoul d be anal yzed at a frequency of 1
per 10 sanpl es.

6. One (1) matrix spi ke analysis should be perforned
dai l y.
7. Chain of custody or sanple tracking docunentation

shoul d be generated for all sanples collected and
anal yzed. This should include a statenent
certifying that all data was generated foll ow ng
proper procedures.

| NTERPRETATI ON AND REPORTI NG

A hard copy of all spectra should be included as a QA QC
Section Deliverable.

A field data | og should include: date, tinme, matrix
description (i.e. soil type or groundwater description),
tenperature, |ocation, depth, field technician' s nane,
field analyst's signature (certifying results), and
calibration procedures perfornmed before and after data
col l ecti on.

Data summary sheets should be included as a separate

section of the site assessnent report. These sheets
shoul d i nclude: sanple location, sanple depth, field
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results and | aboratory confirmation results (where
appl i cabl e).

Al results should be plotted on a scaled area (or site)
map. Contour |ines should be drawn for each
cont am nant .

Requi red QA/ QC Del i verabl es

1. Chain of custody or sanple tracking docunentation
for every sanple collected and analyzed in the
field. Docunentation should be provided at the end
of the final data report.

2. Sanpl e data packages should contain the foll ow ng
information: Sanple results summary, sanple
spectra, standard results and detection limts, and

QA QC sanpl e results.

3. Non- conf ormance sumrary report in narrative and/or
tabular form Al data falling outside of the QC
criteria specified and approved in the QA plan as a
del i verabl e shoul d be highlighted. The analyst's
signature should certify conpliance with approved
procedures and recording of actual results.

VII. HEALTH AND SAFETY CONSI DERATI ONS

A

The toxicity or carcinogenicity of the conpounds used in
this method are not always defined precisely; however,
each chem cal should be treated as a potential health
hazard. Exposure to these chem cals should be reduced
to the | owest possible | evel by whatever neans
avai | abl e. The analytical teamis responsible for

mai ntaining a current awareness file of OSHA regul ations
regarding the safe handling of the chem cals specified
inthis nmethod. A reference file of material safety
data sheets (MSDS) should al so be nade avail able to al
personnel involved in the chem cal analysis.

VI ' . REFERENCES

1

Bi nns, G "Petrol eum Hydrocarbons in Soil: A Quick
Anal ysi s", Environnmental Laboratory, April/My 1992, pp.
44-45.

DeAngelis, D. "Quantitative Determ nation of
Hydrocarbons in Soil (Extraction-Infrared Absorption

Met hod) ", Manual of Sanpling and Anal ytical Methods for
Pet r ol eum Hydr ocarbons i n G oundwater and Soil, American
Petrol eum Institute Publication No. 4449 pp. 167-170.

Kendall, D. S. "The Application of Infrared

122



Spectroscopy to Hazardous Wastes", Hazardous Waste
Measurenents. pp. 133-158.

Lavery, D.S. and Manke, E.C., Jr. "Sinplified Method
Cuts Sanpling Costs", Soils. January-February, 1992.
pp. 34-40.

Litzenberg, RA , diver, RH and Severns, J.J. "The
use of a Portable Infrared Analyzer to PerformOnsite
Total Petrol eum Hydrocarbon Anal ysis", Hydrocarbon
Contam nated Soils and G oundwater. pp. 169-179.

NJ Departnment of Environnmental Protection and Energy,
Anal ytical Chemi stry Manual for Petrol eum Products in
the Environnent. Total Recoverabl e Petrol eum
Hydrocarbons in Soil (Spectrophotonetric Infrared),
Docunent #: OQA- QAM 005-12/89, Ofice of Quality
Assurance, Trenton NJ, April 20, 1992.

Thomey, N., Bratberg, D. and Kalisz, C. "A Conparison
of Methods for Measuring Total Petrol eum Hydrocarbons in
Soi | s", Proceedings of the Conference on Petrol eum

Hydr ocarbons and Organic Chemcals in Gound Water:
Prevention, Detection and Restoration. Novenber 15-17,
1989, pp. 61-69.

U.S. Environnental Protection Agency, Methods for

Chem cal Analysis of Water and Waste Water. Method 413. 2
(Spectrophotonetric, Infrared) Ol and G ease, Total
Recoverabl e, EMSL, Cincinnati OH EPA 600. 4-79-020,
1979., Revised March 1983.

U.S. Environnental Protection Agency, Methods for
Chemi cal Analysis of Water and Waste Water. Method
418. 1, (Spectrophotonetric, Infrared) Petrol eum
Hydrocar bons, Total Recoverable, EMSL, C ncinnati OH,
EPA 600. 4-79-020, 1979., Revised March 1983.

123



GLOSSARY

Accuracy - the ability of a technique to detect the true
concentration of the analyte.

Al D - argon ionization detector.
Aliquot - a portion of a sanple.

Al kyl ated Aromatics - the class of ringed aromatic conpounds
contai ning one or nore aliphatic side chains.

ATH - anbi ent tenperature headspace.

Calibration - the process by which data can be made to correl ate
wi th known standards.

Certified Laboratory - a |laboratory that is currently certified
pursuant to N.J. A C. 7:18, the Regul ati ons CGoverning Laboratory
Certification and Standards of Performance, to perform| aboratory
anal ysis for a specific certification category and a specific
paraneter within the certification categories.

Cl ean Zone - a series of contiguous sanples collected at a
frequency consistent with the requirenents of the Technical
Requirenments for Site Renediation, N J.A C. 7:26E which are

anal yzed and determ ned to be below the cleanup criteria (a single
sanpl e may constitute a clean zone for small contam nated areas).

Colorinetric test - a test in which color is used to obtain
qualitative or quantitative information.

Contam nant - as defined in N.J.A C. 7:26E, currently: any

hazar dous substance, hazardous constituent, hazardous waste or
pol | utant di scharged by any individual or entity.

Cont am nant Delineation - the systematic collection and anal ysis
of sanples froma point of known contami nation to determ ne the
vertical and horizontal extent of contam nation.

Cont am nant Screening - the analysis of environnmental nedia by
non-sel ective instrunentation or nmethods to gain a prelimnary
estimate of contam nant extent.

Corrected Results - the results obtained when instrunental results
are adjusted to account for |aboratory confirmation val ues and/ or
other quality control criteria.

ECD - electron capture detector.

FID - flane ionization detector.

Field Portable - an instrunment which is durable and relatively
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sinmple to nove between facilities for on-site anal ysis.

Fl uorescence - the em ssion of radiation (i.e. visible light) by a
substance during exposure to external radiation (i.e. light or X-
rays).

Ful | Laboratory Data Deliverables - the data deliverables as
required in N.J. A C. 7:26E, section 1.8 and Appendi x A

GC - gas chromat ogr aph(y)

Headspace - in a sealed vessel, the vapor/air mxture trapped
above a solid or liquid sanple.

Heavy Metals - the class of netallic elenents wth relatively high
atomc weights (i.e. Pb, Hg, As, Cd, Cr, Zn).

Hydr ophobic - having little or no affinity for water.

| mmunoassay - a test for a contami nant or class of contam nants
based on the anti body/antigen reaction.

I nstrument Log - a manual which docunents all instrunent outputs,
calibration, and mai nt enance.

| oni zation Potential - the energy which is required to ionize a
particul ar nol ecul e.

| soconcentration - nore than one sanple point exhibiting the sane
anal yte concentrati on.

| sopleth - the line or area represented by an isoconcentration.
Lanp Wndow - the lens through which a |light source is passed.

LC - liquid chromatograph(y).

Limted Laboratory Data Deliverables - data deliverables with |ess
QA QC docunentation than those required under Appendi x A of
N.J.A C 7:26E

MDL (rnethod detection |imt) - the m ninmumconcentration of a
substance that can be neasured and reported wth a 99 percent
confidence that the anal yte concentration is greater than zero and
is determned fromthe analysis of a sanple in a given matrix
contai ning the anal yte.

PI D - photoioni zation detector.

PQ (practical quantitation level) - the | owest quantitation |evel

of a given analyte that can be reliably achi eved anong
| aboratories within the specified limts of precision and accuracy
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of a given analytical nmethod during routine operating conditions.

Precision - the ability of a nethod to provide reproducible
results fromsanple to sanple

Qual ity Assurance - docunentation designed to assure that proper
sanpl i ng and/or analysis protocol are being foll owed.

Quality Control - the inplenentation of protocols designed to
assure that the final sanpling or analytical results are reliable.

Reduced Laboratory Data Deliverables - the data deliverables as
required in N.J. A C. 7:26E, section 1.8 and Appendi x A

Response Factor (Rel ative Response Factor) - a neasure of the
rel ative response of the instrunment detector to an anal yte
conpared to an internal or external standard. Relative Response
Factors are determ ned by the analysis of standards and are used
to calculate the concentrations of analytes in sanples.

Retention Tinme - in chromatography, the tine between when a sanple
is injected and the tinme the chromat ographic peak is recorded.

Sem -Qualitative - identification of a conpound by class rather
than identification of the specific conpound (i.e. sem -
qualitative would identify aromati c hydrocarbons whereas
gualitative would identify benzene).

Sem - Quantitative - numeric values which only approximate the true
concentration of the anal ytes.

Site Screening - rapidly surveying a site, possibly enploying sone
chem cal analysis instrunmentation or nmethods, in an effort to
estimate worst case environnental conditions.

Site-simlar material - material containing the same chem cal and
physi cal characteristics of native material found on-site and
shoul d i nclude actual site material used for the prescribed

pur pose.

Survey Instrunment - an instrunment which detects conmpounds with
little or no selectivity.

Total Recoverable - the anmount of a contam nant which is extracted
fromthe sanple.

Traditional Site Evaluation - the initial characterization,
delineation and clean zone confirmation of a site by collection
and anal ysis of sanples by certified nmethods with appropriate data
del i ver abl es.
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