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ABREVIATURAS

BTEX: Acrénimo que define la mezcla de Benceno, Tolueno, Metilbenceno y los tres isdbmeros del

Xileno (orto, meta y para)

BFB: Acrénimo que se le asigna al estandar de surrogado (1-Bromo-4-Fluorobenzene)
BLK: Muestra prepara con suelo libre de inferencia, llamado blanco de método
CROMATOGRAMA: es un gréfico de la respuesta del detector en funcién del tiempo

CON-SURR: Muestra sintética que sirve para verificar la curva de surrogado, Control de

Surrogado

CON-LCS: Muestra preparada con material libre de interferencia, no ayuda como muestra

control de Laboratorio

CON-VER: muestra sintética prepara con otro lote diferente al de calibracion, que nos

ayuda a verificar la curva.

DETECTOR: Dispositivo que responde a cierta caracteristica del sistema que esta sujeto

a observaciones y convierte esa respuesta en una sefial susceptible de medirse.

FD: Factor de dilucién

FID: (Detector lonizacin de llama)
GRO: Rango Organico de Gasolina-hidrocarburo de petréleo comprendido entre carbono
C6-C10

GC/FID: Cromatografia de gases con detector por ionizacion de llama HS:
Espacio de cabeza

IM: Estandar de verificacion

LDD: Acréonimo gue define Limite de Deteccidon, Cantidad mas pequefia de analito en una
muestra que puede ser detectada por una Unica medicion, con un nivel de confianza

determinada, pero no necesariamente cuantificada con un valor exacto.
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RESUMEN

El objetivo de la investigacion fue determinar la concentracion de Hidrocarburos
Ligeros en suelos y sedimentos, por Cromatografia de Gases en el Rio Chillon, para
ello, fueron muestreados suelos y sedimentos en los meses de octubre del 2016 a
enero 2017. El procedimiento abarco cuarenta pruebas, estableciendo diez réplicas
en cada mes. La determinacion analitica fue realizada mediante los métodos
normalizados de la Agencia de Proteccion Ambiental de los Estado Unidos, EPA 8015
y 5021.Se utilizé un Cromatégrafo de gases del modelo 7890A y un Headspace
Sampler 7697A.

Esta Técnica Instrumental es la mas adecuada para la determinacion de
Hidrocarburos Ligeros en muestras de suelos y sedimentos debido a que no existe

otra técnica para la determinacion de estos.

En las réplicas de suelos tomadas en el mes de enero identificadas como C-suelo-3 'y
C-suelo-9 se encontraron concentraciones de 4.99 mg/Kg Ms y 5.72 mg/Kg Ms de
Hidrocarburos Ligeros respectivamente, mientras que en las muestra de sedimentos
se encontraron concentraciones mayores de 22.91 mg/Kg Ms y 21.20 mg/Kg Ms
identificadas como C-sed-6 y C-sed-7, las cuales son mayores segun la norma
publicada en el Diario Oficial EI Peruano (2013). 002-2013-MINAM.Publicada el 25 de
marzo 2013.Concluyéndose de esta manera que las descargas de los diferentes
sectores industriales estan siendo vertidas al Rio Chillon contaminando de esta anera

el medio ambiente.

Palabras claves: suelos, sedimentos, Cromatografia de Gases, Rio Chillén,

Hidrocarburos Ligeros, medioambiente.
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ABSTRACT

The objective of the research was to determine the concentration of light
hydrocarbons in soils and sediments, by Gas Chromatography in the Chillén River.
For this, soils and sediments were sampled in the months of October 2016 to
January 2017. The procedure covered forty tests, establishing ten replications in
each month. The analytical determination was made through the standardized
methods of the Environmental Protection Agency of the United States, EPA 8015
and 5021. A gas chromatograph of model 7890A of the brand Technologies Agilent

and a Headspace Sampler 7697A of the brand Technologies Agilent were used.

This Instrumental Technique is the most suitable for the determination of Aliphatic
Hydrocarbons in soil and sediment samples because there is no other technique
for the determination of these.

In soil replicas taken in January identified as C-soil-3 and C-soil-9 concentrations
0f4.99 mg / Kg Ms and 5.72 mg / Kg Ms of Aliphatic Hydrocarbons respectively
were found, while in the samples of sediments were found higher concentrations
of 22.91 mg/ kg Ms and 21.20 mg / kg Ms identified as C-sed-6 and C-sed-7, being
higher than the permissible regulatory values; It is concluded that the discharges
from the different industrial sectors are being discharged into the Chillon River thus

contaminating the environment.

Keywords: soils, sediments, Gas Chromatography, Chillon River,Light Hydrocarbons



I. INTRODUCCION

En el Perd, se presentaron derrames de petréleo con mayor frecuencia, en
el 2016 debido a fugas de hidrocarburos originados en la Region
Amazonica, y segun el Organismo de Evaluacion y Fiscalizacion Ambiental
(OEFA), dio a conocer que este es uno de los desastres mas importantes

ocurridos en los ultimos afnos.

La necesidad para realizar el estudio de hidrocarburos seria dar a conocer
las concentraciones de Hidrocarburos Ligeros que contienen los efluentes
vertidos por las diferentes industrias; cuya finalidad seria demostrar si los
vertidos arrojados sobrepasan los limites maximos permisibles establecidos
en los Estandares de Calidad Ambiental. Debido a que dentro de los
contaminantes encontramos Benceno, Tolueno, Etilbenceno, Xilenos;
ademas de residuos de gasolina que son toxicos y nocivos para los

diferentes ecosistemas.

El estudio fue desarrollado durante el 2016 entre los meses de octubre,

noviembre, diciembre y enero del 2017 respectivamente.

El objetivo del presente trabajo fue determinar la concentracion de
Hidrocarburos Ligeros en la fraccion de carbono seis al carbono diez, por

Cromatografia de Gases en el Rio Chillon.



II. MARCO TEORICO
2.1 ANTECEDENTES.

Riser (1998) afirma. “que en cierto sentido uno de los problemas de la
contaminacion ambiental a nivel mundial es el vertido de hidrocarburos

derivados del petrdleo en ecosistemas acuaticos y terrestres” (p.500).

En publicaciones realizadas por Castellanos, Isaza y Torres (2015)
aseguran que existen evidencias de que la contaminacion del suelo por
Hidrocarburos Totales de Petrdleo produciendo cambios en las
propiedades fisicas y quimicas, alterando asi de esta manera su condicion
natural; principalmente ocurre en las capas expuestas directamente al

vertimiento.

Siguiendo con los estudios de hidrocarburos. Campillay (2006).afirma “en
su tesis sobre el origen de hidrocarburos en las puede incluir compuestos
petrogénicos como biogénicos y dentro del primero se incluye
principalmente al petrdleo como Hidrocarburo Ligeros, gasolinas,
Hidrocarburos Medianos, kerosén y diésel e Hidrocarburos Pesados,

aceites”(p.150).

Las fuentes biogénicas, pueden incluir por ejemplo: algas, animales,
plantas vasculares o bacterias. En sintesis toda la informacion de estos
indices se puede demostrar que la contaminacién por Hidrocarburos

Totales de Petrdleo es de origen petrogénica.

La tesis doctoral de (Rosales, 2013, p.180).Realiza un muestreo y el
analisis cualitativo de compuestos organicos volatiles como el Benceno,
Tolueno, Etilbenceno, m, p y o Xilenos ademas del Rango Organico de
Gasolina (GRO), la cual debe realizarse de la forma mas hermética
posible, para evitar la pérdida de compuestos debido a su alta volatilidad;
es decir, hacer lo méas rapido posible tras el conocimiento de fugas o

derrames en el subsuelo.



Los investigadores. Pinto y Bonert (2005) Afirman.” que es posible que
nos explican sobre la Técnica de Cromatografia de Gases que es la mas
tratada para el analisis de Hidrocarburos Alifaticos y compuestos
organicos volatiles en los suelos, debido a que estos compuestos son muy
ligeros y necesitan un acoplamiento de headspace al Cromatdgrafo de
Gases para la determinacion de los mismos”(p.250), asi mismo Esteve-
Turrillas,Armenta,Garrigues y Pastor (2007) afirman que los

hidrocarburoas alifaticos son compuestos volatiles.

En los articulos de investigacion de Méndez ,Rennola y Pefia (2011). Nos
afirma que para la determinacion de Hidrocarburos de Petréleo se realiza
con un Cromatégrafo de Gases con Detector de lonizacion de Llama (GC-
FID).

Rincon (2015) refiere. “que para la determinacion de CO2 y H2S se realiza

por cromatografia de gases en gas natural” (p.350)



2.2 GENERALIDADES
2.2.1. Hidrocarburos alifaticos

Los Hidrocarburos Alifaticos son compuestos organicos no derivados del
benceno, que estan formados por atomos de carbono e hidrégeno,

formando cadenas las cuales pueden ser abiertas o cerradas.

Los Alcanos o Hidrocarburos Saturados Alifaticos responden a la formula
general CnH2n+2 y no poseen grupo funcional propiamente dicho, y estan
constituidos exclusivamente por enlaces simples —C-C y C-H, donde los
cuatro orbitales hibridos del carbono son equivalentes y estan orientados
hacia los cuatro vértices de un tetraedro regular.

En la figura 1, 2 se muestran las estructuras de n-hexano, n-octano
respectivamente.

’.h

Figura 1. Estructura del n-hexano
Fuente: (Garcia et al. ,2011)

Figura 2. Estructura del n-octano
Fuente: (Garcia et al. ,2011)



2.2.1.2. Propiedad Fisica de los Hidrocarburos Alifaticos (Ligeros)
a) Punto de Ebullicion

Los Hidrocarburos Alifaticos son compuestos formados por carbono e
hidrégeno, y pueden ser moléculas ramificadas o lineales de cadena abierta,
saturada o insaturada. Las moléculas mas pequefias son gases a temperatura
ambiente (C1 a C4) que al aumentar de tamafio su complejidad estructural de
dicha molécula se hace liquida y su viscosidad aumenta con el numero de
carbonos (C5 a C16).

Los hidrocarburos de alto peso molecular son sélidos a temperatura ambiente
(mayores de C16). Los Hidrocarburos Alifaticos de uso industrial derivan
principalmente del petréleo, que es una mezcla compleja de hidrocarburos
(Wade, 2007, p.95).

b) Punto de Fusién

Los Alcanos son apolares, por lo que se disuelven en disolventes organicos
apolares o débilmente polares. Los alcanos tienen densidades aproximadas
de 0,7 g/ml, comparadas con la densidad del agua 1.0 g/ml, Los puntos de
ebullicion de los alcanos aumentan ligeramente a medida que aumenta el
namero de atomos de carbono, y por tanto sus masas moleculares.

Las moléculas mas grandes tienen mayores areas superficiales, por lo que
aumenta la atraccion intermolecular de Van Der Waals. Al ser mayor esta

fuerza, mayor es el punto de ebullicion.

En la Tabla 1 se muestran el punto de ebullicion y fusion de los hidrocarburos

alifaticos del carbono 5 al carbono 12 respectivamente.



Tabla 1: Punto de ebullicién y fusién de los hidrocarburos alifaticos

Hidrocarburos Formula Punto de | Punto de
alifaticos ebullicion | fusion
(°C)

Pentano CH3CH2CH2CH>CHs 36 -130
Hexano CH3CH2CH2CH2CH2CHs 69 -95
Heptano CH3CH,CH,CH2CH,CH,CHj3 98 91
Octano CH3CH,CH,CH,CH,CH>CH,CH3 125.5 -57
Nonano CH3CH2CH,CH,CH,CH,CH,CH,CH3 151 -51
Decano CHsCH>CH>CH,CH,CH,CH,CH,CH,CHs 174 -30

Undecano CH3CH>CH>CH,CH,CH,CH,CH,CH,CH3 196 -26

Dodecano CH3CH2CH>CH2CH2CH2CH,CH,CH>CH3 216 -10

2.2.2. Hidrocarburos aromaticos

Los Hidrocarburos Aromaticos forman una gran familia de compuestos, que
tienen un nucleo comun que es, el nacleo bencénico. El benceno contiene
92.3 % de carbono y 7.7 % de hidrogeno con la formula quimica C6H6, la
molécula de Benceno se representa mediante un hexagono formado por los
seis conjuntos de atomos de carbono e hidréogeno unidos con alternancia de
enlaces simples y doble hace referencia.Garcia,Herrero,Pérez y Moreno
(2011).

Estos compuestos quimicos que tienen una alta presién de vapor en
condiciones normales, para evaporarse significativamente al entrar en la
atmosfera. Los Hidrocarburos Arométicos como el Benceno, Tolueno,
Etilbenceno y los Xilenos son algunos de estos compuestos los cuales se

obtienen del carbén y del petréleo. (Wade, 2007, p.150).



En las figuras 3, 4,5y 6 se muestran las moléculas de Benceno, Tolueno,

Etilbenceno y xilenos respectivamente.

Figura 3. Estructura Benceno
Fuente: (Garcia et al. ,2011)

CH;

Figura 4. Estructura Benceno
Fuente: (Garcia et al. ,2011)

CH,CH5

Figura 5 Estructura Benceno
Fuente: (Garcia et al. ,2011)



CH;

CH3 CH}

CH;

CH
. CH}

Figura 6 Estructura del Xileno (orto, meta y para)
Fuente: (Garcia et al. ,2011)

2.2.3. Caracteristicas Fisicoquimicas para BTEX y Gasolina comercial

Tabla 2. Caracteristicas para Hidrocarburos Fraccidn Ligera

Contaminante Peso molecular Solubilidad en agua a 25°C
(g/mol) (mg/L)
Benceno 78 1780
Tolueno 92 490-627
Etilbenceno 106 152-208
Xilenos 106 162-200
Gasolina 107-114

Fuente: ( Davis, 1997 y Heath, 1993)




2.2.4. Gasolina

La gasolina es una mezcla de Hidrocarburos Alifaticos, obtenida del
petréleo por destilacion fraccionada, que se utiliza como combustible en
motores de combustion interna por encendido de una chispa convencional
0 por compresion, asi como en estufas, lamparas, limpieza con solventes

y otras aplicaciones.

En general se obtiene a partir de la gasolina de destilacion directa, que es

la fraccion liquida mas ligera del petréleo (exceptuando los gases).

La nafta también se obtiene a partir de la conversiéon de fracciones
pesadas del petréleo (gasoil de vacio) en unidades de proceso. Cabrera
(2014, p.106).

Normalmente se considera nafta a la fraccion del petr6leo cuyo punto de
ebullicion se encuentra aproximadamente entre 28°C y 177 °C (umbral
gue varia en funcion de las necesidades comerciales de la refineria). A su
vez, este subproducto se subdivide en: nafta ligera (hasta unos 100 °C) y
Nafta Pesada, por encima de 100°C. La Nafta Ligera es uno de los
componentes de la gasolina, con unos nimeros de octano en torno a 70,
y la Nafta pesada no tiene la calidad suficiente como para ser utilizada
para ese fin, y su destino es la transformacion mediante reformado
catalitica, proceso quimico por el cual se obtiene también hidrégeno, a la
vez que se aumenta el octanaje de dicha nafta.

Menos de 40°C
= Gases

°
40-200 C_ gencinas
Gasolinas

o
200300°C___ queroseno

Naftas

250-350 °C
——— Combustible Diesel

Menor temperatura

2

LOPeaY 300-370°C  Aceites ligeros:

¢ 1({{_),‘]2 Lubricantes
T Parafinas

1y 1 Més de 370°C  Aceites muy pesados
Asfalto

Petrdleo Torre de destilacién Alquitrnes

crudo

Figura7 Esquema de destilacion del petroleo
Fuente: (Garcia et al. ,2011)

9



2.2.5. Componentes de la gasolina

Los hidrocarburos que componen la gasolina estan comprendidos entre
los que poseen 4 &tomos de carbono y los que tienen atomos de carbono
C10-C11. Cabrera (2014, p.116), asi como se muestra en el Tabla 3

Tabla 3. Estructuras de los hidrocarburos del C6-C10

Nombres #C Estructuras

n-hexano 6 He S e,

Ciclo hexano 6 O

Benceno 6 @

n-Heptano 7 AN
H,C CHs

Tolueno 7 @

n-octano 8 ACHz _CH, _CH, _CH,
HaC CHz  “CH, “CH,

Etilbenceno 8

xilenos 8

CH,

n-nonano 9

n-decano 10 PR = 2
H,C

Fuente: Elaboracion propia

10




2.2.6. Estandares de calidad ambiental

Los productos asociados a los derrames de hidrocarburos y fracciones

para los limites maximos permisibles de contaminacién en suelos

describen en el Tabla 4.

Tabla 4. Estandares de Calidad Ambiental (ECA)

Compuestos Usos del suelos (mg/kg MS)
organicos
Suelo Suelo Suelo industrial
agricola residencial
Benceno 0.03 0.03 0.03
Tolueno 0.37 0.37 0.37
Etilbenceno 0.082 0.082 0.082
Xilenos 11 11 11
Naftaleno 0.1 0.6 22
Fraccién de
hidrocarburos 200 200 500
C6-C10

Fuente: Elaboracidn propia

11



2.2.7. Contaminacion de los suelos por hidrocarburos

Un suelo se puede degradar al acumularse en ellas sustancias como
Hidrocarburos Totales de Petroleo (TPH), a unos niveles tales que

repercuten negativamente en el comportamiento de los suelos.

Los derrames de estos hidrocarburos a niveles de concentracion se
vuelven téxicas para los organismos del suelo, se trata de una
degradacion quimica que provoca la pérdida parcial o total de la

productividad del suelo.

La contaminacién es basicamente un cambio indeseable en las
caracteristicas fisicas, quimicas y bioldgicas del medio natural, producido
sobre todo para la actividad humana (incluida la contaminacion de las
aguas superficiales y freaticas, del suelo y del aire) segun (Sharapin,
2000, p.189)

La variedad y cantidad de productos contaminantes de un suelo es
practicamente inabarcable, pero los de mayor relevancia son:

o Metales pesados
o Sustancias Organicas

o Sustancias Inorgénicas

Los efectos de los Hidrocarburos en muestras de suelo dependen de la
cantidad y composicion del producto derivado del petrdleo, asi como
también de la frecuencia de tiempo de exposicion, estado fisico del
derrame, caracteristicas del éarea afectada ademéas de variables
medioambientales como: temperatura, humedad, oxigeno y sensibilidad

de la biota, especifica del ecosistema impactado por el derrame.

La presencia de contaminantes en un suelo, supone la existencia de
efectos nocivos para el hombre, fauna y la vegetacion, estas
caracteristicas dependeran de los contaminantes que se encuentren,

ademas de la concentracion en un determinado tiempo.

12



En la siguiente Tabla mediremos el grado de Toxicidad, Persistencia e

Inflamabilidad dandoles valores como: 3: alto, 2: medio ,1: bajo y 0: sin

riesgo.
Tabla 5: Caracteristicas de algunos Hidrocarburos ligeros
Caracteristicas Toxicidad | Persistenci | Inflamable | Reactivida
a d
Compuestos
3 1 3 0

Benceno @
Etilbenceno @A 2 1 3 0

Petroleo,Kerosen 3 1 2 0
e

Tolueno @
CHy " CHy é 2 l 3 O

Fuente: Elaboracion propia

Xilenos

Los compuestos de Benceno, Tolueno, Etilbenceno y Xilenos son
denominados BTEX, estos compuestos son los mas peligrosos y comunes
en la fuga de gasolina. El benceno es el mas peligroso de estos
compuestos por sus caracteristicas carcinogenas y toxicas. Para este
compuesto la Agencia Proteccion Ambiental de los Estados Unidos (US
EPA), ha establecido un limite de cuantificacion de 5ppb en el suelo. (US
EPA, 2011; ASTDR, 2011)
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En Espafia la legislacion Real Decreto (R.D. 9/2005), indica los limites de

concentraciéon de los BTEX (nivel genérico de referencia, NGR) para la

proteccion de la salud humana que se muestra en el Tabla 6 y ecosistemas

en funcion del uso del suelo que se muestra en los Tabla 7.

Listado de Contaminantes y Niveles Genéricos de Referencia para

Proteccion de la Salud en Funcion del uso del Suelo

Tabla 6: Listado de contaminantes de referencia para proteccion de la salud

Analitos
Ndmero de Uso Uso Otros
CAS Industrial Urbano usos
mg/kg masa seca de suelo
Proteccion de la salud humana
Benceno
© 71-43-2 10 1 0.1
Etilbence
no
100-41-4 100 20 2
Tolueno
108-88-3 100 30 3
Xilenos
1330-20-7 100 100 35

CHy CHy CHy
i ) @\
CHg
CHy

Fuente: Elaboracion propia
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Listado de Contaminantes y Niveles Genéricos de Referencia para

Proteccidn de los ecosistemas

Tabla 7. Listado de contaminantes de referencia para proteccion del ecosistema

Analitos
Ndmero de | Organismos Organismos Vertebrados
CAS -
del suelo acuaticos terrestres
mg/kg masa seca de suelo
Proteccidn de los ecosistemas
Benceno
@ 71-43-2 1 0.2 0.11
Etilbence
no
100-41-4 - 0.08 4.6
Tolueno
108-88-3 0.3 0.24 13.5
Xilenos
@ 1330-20-7 - 0.07 -

Fuente: Elaboracion propia
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2.2.8. Efectos de los hidrocarburos de petréleo ala salud humanay
medio ambiente.

a) Efectos ala Salud Humana

Es conocido que algunos Hidrocarburos tienden a acumularse en los
organismos a través de las cadenas alimenticias con creciente riesgo de
cancer y de mutagénesis, por ello los organismos mas expuestos son los
humanos, ya que estos contaminantes incluyen el benceno, los fenoles, y
a los Hidrocarburos Policiclicos que son muy peligrosos por sus efectos

cancerigenos.

Los efectos en la salud humana dependen de muchos factores, estos
incluyen:

v' Tipo de hidrocarburo al que se encuentra expuesto
v Tiempo de exposicion

v Cantidad de la sustancia quimica con la que se esta en contacto

La Agencia Internacional para la Investigacion del Cancer (IARC) ha
determinado que el Benceno es cancerigeno en los seres humanos,
produce Leucemia, y se considera que otros hidrocarburos, por ejemplo:
Benzo(a) pireno y la gasolina también producen cancer en los seres

humanos.

b) Efectos al Medio Ambiente

e Los hidrocarburos interfieren en el intercambio de gases entre el aire
y el agua, esto elimina el abastecimiento de oxigeno para los animales de
respiracion branquial y obstruye, en muchos casos la posibilidad de
respiracion pulmonar de otros animales acuéticos.

e Los hidrocarburos se adhieren a sedimentos, alli forman depdsitos
gue se van liberando al ambiente lentamente durante mucho tiempo, y

actuan como fuentes de contaminacién por un largo periodo.
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En la Tabla 8, se observan los efectos que ocasionan los hidrocarburos

ligeros de petroleo como es el caso de Benceno, n-hexano y Gasolina.

Tabla 8. Efecto de asimilacién de los hidrocarburos

Compuesto Concentracion Tiempo Sintomas Observaciones
(mg/L) (horas)
-Fatiga -Cuando la
exposicion cesa,
Benceno -dolor de cabeza i
los sintomas
@ 100 >3 -nduseas desaparecen.
-adormecimiento
Afecta al sistema |-En caso graves
nervioso central produce paralisis
n-Hexano ,caracteristico  por
pérdida de Ila
sensacion en 10s | _Exposicion  al
500-2500 >24 ; ;
aire
-Irritacion  a  la
garganta y
i , -Debido a la
Gasolina estémago.
ingestion
-Depresion del

sistema nervioso.

-Dificultad al

respirar

Fuente: Elaboracion propia
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2.2.9. Cromatografia de gases

La Cromatografia de Gases permite separar los componentes de una muestra
vaporizada, en virtud de que éstos se distribuyen entre una fase movil la cual
es un gas y una fase estacionaria, en donde esta podria ser liquida o sélida

contenida en una columna.

Los analitos que se van analizar se lleva a la fase gaseosa y se inyecta en
una de las cabezas de la columna cromatografica; es decir, en el puerto de

inyeccion.

La elusion de los componentes se realiza mediante el flujo de una fase mavil,
en donde esta es inerte y no interactta con las moléculas de las especies de

la muestra; solo las transporta a través de la columna.

Existen dos tipos de cromatografia de gases: la de gas-liquido y la de gas-
sélido. La primera, es la que tiene mas aplicaciones en todos los campos de
las ciencias y se le conoce comunmente como cromatografia de gases,
mientras que la segunda nos habla del gas-sdlido, el cual tiene menos
aplicaciones debido a que muchas moléculas reactivas o polares poseen
tiempos de retencién muy largos y las colas de los picos de elucién no son
aceptables. (Skoog, 2001, p.162).

La Cromatografia es un método de separacion basado en las diferencias de
afinidad de los diferentes compuestos (analitos) entre una fase moévil y una
fase estacionaria, dado que cada analito tiene una afinidad especifica en
relacion a estas fases, la migracion entre las fases es diferente para cada uno

dando origen a la separacion a lo largo del desarrollo de la cromatografia.

La distintiva movilidad permite la separacion de los componentes en bandas

0 zonas discretas (Skoog, 1992,p.250).
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Los componentes que son fuertemente retenidos por la fase estacionaria
se mueven lentamente con el flujo de la fase movil, por el contrario, los
componentes que se unen débilmente a la fase estacionaria se mueven

con rapidez.

La clasificacion mas fundamental de los métodos se basa en el tipo de
fase movil y estacionaria, y en la clase de equilibrios implicados en la

transferencia de analitos entre fases.

La Cromatografia Gaseosa, es una técnica de andlisis que ofrece
resoluciones excelentes con sensibilidad del orden de miligramos a
picogramos, sus resultados son cuantitativos y se obtienen en un espacio
de tiempo relativamente corto. Los componentes de las muestras deben
ser estables a la temperatura de operacion, las muestras tienen que ser

volatiles.

La fase estacionaria, es un liquido poco voléatil que recubre un soporte
sélido o las paredes de la columna, y el mecanismo de separacion se
produce mediante la particion de las moléculas de la muestra entre la fase
estacionaria y la fase movil (liquida y gaseosa).

Esta modalidad se utiliza en mas del 95% de las aplicaciones de la
cromatografia liquida, el cual debe solubilizar selectivamente las
sustancias de la muestra que debe ser termoestable, es decir presentar
una baja volatilidad a la temperatura en la cual se realiza el analisis, y ser
guimicamente inerte en relacion con los componentes de la muestra.
(Sharapin, 2000, p.250).
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Columna Cromatografica

Figura8 Cromatografo de gases
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2.2.10. Componentes de un cromatégrafo de gases

2.2.10.1 Fase movil

La fase movil gaseosa proporciona un rapido equilibrio con la fase
estacionaria, el cual se utiliza con mayor eficiencia en la obtencién de los
andlisis. Los gases mas utilizados son: nitrégeno, helio, hidrogeno y

argon.

La fase moévil no debe interactuar con la fase estacionaria ni con la
muestra, ya que debe tener un bajo costo y ser compatible con el detector

al tener alta pureza.

Para dar una mayor reproducibilidad al analisis, la saturacion del gas debe
ser constante y debe ser controlada a través de valvulas de aguja (Skoog,
2001, p120).

2.2.10.2 Sistema de inyeccion

La inyeccion se realiza generalmente con micro jeringas, que contienen
la muestra donde el volumen inyectado no debe superar la capacidad de
la columna, y entre mas pequefio sea el volumen usado de la muestra
mayor sera la eficiencia y la reproducibilidad del andlisis. La temperatura
aplicada debe ser suficiente para la volatilizacion de la muestra (Skoog,
2001, p125).
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2.2.10.3 Columna

La columna consiste en un tubo largo que contiene la fase estacionaria,
y los materiales mas usados son: el cobre, acero, aluminio, vidrio y teflon.
El material de la columna no debe interaccionar con la fase estacionaria
ni con la muestra. (Skoog, 2001, p.148).en la figura 9 se muestra una

columna capilar.

Fig. 9. Columna Capilar

2.2.10.4 Sistema de deteccidon

Uno de los elementos mas importantes en el Cromatografo de Gases es el
detector. El cual es un dispositivo que indica y mide los solutos en la
corriente del gas portador, convirtiendo una seflal no medible directamente
en una sefal elaborable, de una propiedad fisica.

“Esta sefal es elaborada por una comparacion entre el gas portador puro y
el mismo gas, llevando cada uno de los componentes previamente
separados en la columna, y este es traducido en una sefal eléctrica que es
amplificada y registrada al momento de salir de la columna” (Olguin y
Rodriguez ,2004).

“Las sustancias presentes en la muestra pasan a través de la columna, en
donde son separadas y llegan al sistema de deteccion. Con relacion a la
selectividad, los detectores pueden ser clasificados en universales y

selectivos o especificos nos hace referencia” (Hernandez, 2016, p.251)
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Los detectores universales miden la variacion de una propiedad del gas de
arrastre que sale de la columna, mientras que los detectores especificos
miden una propiedad caracteristica de una determinada clase de
sustancias. Con respecto a la sensibilidad, los detectores cuya respuesta
varia poco por cambios en la velocidad de flujo y de la fase mavil, los cuales

son llamados detectores sensibles de flujo de masa.

En estos detectores la sensibilidad se define como la relaciéon del area de

pico a la masa inyectada.

En los detectores sensibles a la concentracion, la respuesta varia en
funcion del flujo de la fase maovil y su sensibilidad, que son definidas como
el producto del area del pico por el flujo de la fase movil, dividida por la
masa inyectada. La respuesta del detector debe ser lineal dentro de un
amplio intervalo de concentraciones y este intervalo de concentraciones
se conoce como intervalo lineal dinamico, que corresponde a la diferencia
entre la concentracion maxima del intervalo lineal dinamico y la minima
concentracion del mismo, que debe distinguirse de la sefial de fondo o

ruido del detector.

El analisis cuantitativo se puede llevar a cabo gracias a la relacion directa
gue existe entre la respuesta del detector y la concentracion de la muestra,
siempre y cuando la respuesta obtenida para la muestra se encuentre dentro
de ese intervalo (Skoog,2001,p.126).

2.2.10.5 Detector de lonizacién de Llama (FID)

El detector de ionizacion de llama es el que mas se utiliza, y por lo general
es uno de los que mas se aplican en cromatografia de gases. El efluente
de la columna se dirige a una pequefa llama de hidrogeno y aire, y la
mayoria de los compuestos organicos producen iones y electrones

cuando se pirolizan a la temperatura de una llama de hidrogeno-aire.
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La deteccion implica controlar la corriente producida al recolectar estos
portadores de carga, y cuando se aplica una diferencia de potencial de
unos pocos cientos de volts entre el extremo del quemador y un electrodo
colector situado por encima de la llama, los iones y los electrones se

dirigen hacia el colector. (Skoog, 2008,p.159).

“La llama de hidrogeno-aire genera un medio ionizante de gran eficacia
para las sustancias organicas, y por lo tanto, es un sensor electronico
adecuado, constituyendo un transductor de elevada sensibilidad se
refiere” (Davis, 1997,p.15).

El Detector de lonizacion por Llama, funciona mediante la pir6lisis del
material que eluye de la columna en una llama de hidrogeno/aire con
exceso de oxigeno, y cuando pasan por el detector los compuestos
separados por la columna, estos reaccionan en la llama produciendo
cationes. “Los iones producidos son conducidos mediante un campo
eléctrico hacia el colector, donde la corriente generada se amplifica para

producir una respuesta” (Sogorb y Vilanova, 2004,).

Dicho detector manifiesta una elevada sensibilidad (10-13 g/s), en un gran
intervalo de respuesta lineal y una bajo ruido. La desventaja de este
detector es la destruccion de la muestra durante el paso de la combustion
y la necesidad de gases adicionales y controladores. (Skoog, 2008,
p.109).

El FID es un detector de muy alta sensibilidad, apto para hidrocarburos ya
gue permite detectar los iones de carbono que se forman durante la
combustiéon a alta temperatura, sumado a la alta sensibilidad, este
detector presenta la caracteristica de poseer un factor de respuesta (en
masa) casi idéntico para todos los hidrocarburos: “La misma masa de
distintos componentes produce la misma intensidad de sefial en el
detector, esta caracteristica transforma al FID en un detector de mucha
utilidad, puesto que no es necesario conocer la formula de un componente
para conocer su aporte a la masa total del sistema”’(Montoya y Péez,
2012).
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Fig. 10. Detector de ionizacién de llama

Debido a que este detector posee una alta sensibilidad especialmente
para los hidrocarburos, también es el que se usa con mayor frecuencia en
el andlisis de estos, como es el caso de un trabajo realizado en la region
Vasco-Cantabrica en Espafia, en donde se reporta un analisis de
Hidrocarburos Alifaticos en muestras correspondientes a diferentes

ambientes sedimentarios y diagenéticos.

En dicho procedimiento, la fraccién de hidrocarburos saturados se inyecto
en un Cromatdgrafo de Gases equipado con un Detector de lonizacién de
Llama, usando un sistema de inyeccién splitless (FID) (Agirrezabal et.al
,2009).
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2.2.11. Técnicas de extraccion: Automuestreador headspace

Esta técnica es usada para la concentracién y analisis de componentes
organicos Volatiles. “Es una técnica relativamente simple y de buena
sensibilidad, la popularidad de la técnica Headspace ha crecido
mundialmente para diferentes tipos de analisis donde se desee observar
compuestos volatiles como los hidrocarburos”.Pavon, Martin, Pinto vy
cordero (2009)

Se conocen en el mercado dos técnicas de Headspace, una estatica y otra
dindmica. En la primera de estas se introduce la muestra en un vial
llendndolo hasta la mitad, este se sella y coloca en un termostato para
dirigir los componentes volatiles como hidrocarburos hacia la fase de
vapor (espacio superior del vial conocido como Headspace), con la ayuda
de una jeringa o un dispositivo similar se toma una alicuota de dicha fase,
gue posteriormente sera inyectada al Cromatografo de Gases. La técnica

implica que la muestra fue tomada de una fase en equilibrio

Para incrementar la sensibilidad se desarroll6 del headspace dinamico,
donde la fase de equilibrio estd siendo desplazada continuamente,
dirigiendo el Head Space fuera del vial con ayuda de un gas inerte hacia
un sistema de purga y trampa, donde los analitos seran atrapados por un
adsorbente y posteriormente desorbidos por calor para introducirse en el
Cromatografo de Gases. “El aditamento de Espacio de Cabeza dindmico
requiere de una inversion inicial alta, por lo que no resulta un método de
facil acceso” (Pefa, 2010, p.256).
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Fig. 11. Automuestreador Headspace

En la figura 12, se muestra las etapas de inyeccion en el Headspace; en
donde la etapa 1, nos muestra cuando la muestra alcanza el equilibrio, en
la etapa 2 nos muestra la presurizacion y la etapa 3 es la extraccion e
inyeccion de la muestra a la columna Cromatografica.

Mientras que en la figura 13, nos muestra el proceso de agitacion que

ocurren en el Headspace

Etapa 1 Etapa 2 Etapa 3
La muestra alcanza Presurizacion de Extraccion e Inyeccion
en equilibrio la inyecion de la muestra

E- outlet

r inlet/outlet

Fig. 12. Etapas del sistema de inyeccion del headspace
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Fig. 13. Proceso de agitacion del vial headspace
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lIl. MATERIALES Y METODOS

3.1 Lugar de muestreo de suelo y sedimentos

Las muestras fueron recogidas del Rio Chillén ubicado en el distrito de
Puente Piedra, dicho rio se origina en la laguna de Chonta a 4,800 msnm,
alimentandose con las precipitaciones que caen en las partes de su

cuenca colectora y con los deshielos de la cordillera de la viuda.

La cuenca del Rio Chillon se halla comprendida entre las coordenadas
geograficas 76° 20'y 77° 10" de longitud Oeste, 11° 20"y 12° 00'de latitud
sur; ubicada en el departamento de Lima, Peru.

Este lugar de muestreo se escogié debido que el Rio Chillon es depositario
de una variedad de efluentes domésticos, eléctricos, mineros etc.; en tal
sentido es posible que en las matrices de sedimentos y suelos haya una

alta concentracion de hidrocarburos ligeros C6-C10.

Para determinar las muestras previamente se realizO un muestreo en
octubre del 2016, a cual se le realiz6 un analisis cualitativo y cuantitativo,
a fin de detectar Hidrocarburos Ligeros C6-C10; €l cual nos evidencio una
concentracion de hidrocarburos ligeros por encima de los limites maximos
permisibles.

Luego se realiz6 4 muestreos de 10 puntos cada uno, que abarcaron
desde el mes de octubre del 2016 hasta enero del 2017; tomando como
referencia las coordenadas 18 L 274149.02 m E8681689.39 m elevacion
112m.
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3.2 Determinacién de rango organico de gasolina (GRO)

La mezcla de Hidrocarburos que contengan entre cinco y diez atomos de
carbono (C5 a C10), son llamados Rango Orgéanico de Gasolina dentro de
los cuales se encuentran en mezclas de productos desconocidos
derivados del petréleo, petréleo crudo, gasavion, gasolvente, gasolinas,
gas nafta. Para lo cual se sigui6 el procedimiento siguiente:

3.2.1 Extraccién de hidrocarburos de suelos mediante headspace

Para la extraccion de Hidrocarburos de suelos contaminados se realizé
por Headspace, que toma como referencia el método de la Agencia de
Proteccion Ambiental de los Estados Unidos (US EPA) 5021A

3.3 Equipos

» Cromatografo de Gases FID, Agilent Technologies 7890A, con
detector FID, Columna Cromatografica Agilent J&W DB-VRX 20m x
0.18mmx 1.0 m

» Equipo Muestreador Headspace, Agilent Technologies 7890A

> Fase movil:

-Gas de Nitrégeno Praxair, con una pureza de 99.999%

-Gas de Aire, Praxair con una pureza de 99.999%

-Gas de Hidrégeno, Praxair con una pureza de 99.999%

3.4 Materiales

» Balanza analitica digital. Precision + 0.0001g modelo Mettler Toledo

» Fiolas Volumétricas ambar, clase A de 10,25 y 50 ml con tapa
de vidrio esmerilado

» Micro jeringas de 250ul, 1000ul

> Viales Head space 22 ml, con tapa de aluminio y septa de silicona

» Vial Crimping Tool 20 mm

» Botella de Reactivo de 1000 ml con tapa azul

» Estufa
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3.5Reactivos

» Metanol (CH30OH) para cromatografia al 99.8% de pureza

» Cloruro de Sodio (Nacl) o Cloruro de potasio (Kcl) para analisis grado
de pureza

» Agua reactivo: agua ultrapura de grado tipo |, libre de compuestos
organicos

» Aliphatic Mix (C5-C12) 2000 ug/mL
» 1-Bromo-4-Fluorobenzene 10000 mg/L
» Combustible Gasolina de fuente comercial

> a, a, a-Triofluorotolueno Standard 10000 mg/mL

3.6Preparacién de soluciones

3.6.1 Estandar de calibracién

Se pesa 0.25g de gasolina comercial en una fiola de 25ml y se enraza

con metanol obteniendo una solucién de 10000 mg/L.

Tabla 9. Preparacion de gasolina

Estandar de Alicuota Volumen Intermedio de
Calibracion de (ul) (ml) Calibracion(mg/L)
Gasolina (mg/L)

10000 250 25 100

Fuente: Elaboracién propia
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3.6.2 Estandar de surrogado

A partir del estandar de 1-Bromo-4-Fluorobenzene de 10000 mg/L se

realiz6 un estandar intermedio de 100mg/L.

Tabla 10. Preparacion del 4-Bromofluorobenceno

Estandar de BFB Alicuota Volumen Intermedio de
(mg/L) (ul) (ml) Surrogado BFB
(mg/L)
10000 250 25 100

Fuente: Elaboracién propia

3.6.3 Preparacion de solucién modificadora de matriz (SMM)

Se adiciono 180g de cloruro de sodio y llevarlo a foro a 500 ml de agua
libre de compuestos organicos. Se verifica que la solucion es libre de

contaminantes mediante la lectura de solucion como blanco de método.

3.6. Curva de calibracion de rango organico de gasolina (GRO)

A partir de las soluciones intermedias de calibracion de gasolina de
100mg/L, se prepararon 9 soluciones de calibracion de diferentes
concentraciones como indica en el Tablall
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Tabla 11. Curva de calibracion derango organico de gasolina

Concentracion Intermedio de VVolumen Final (ml)
(mg/L) Calibracion

Gasolina(ul)

100mg/L
0.5 50 10
1.0 100 10
2.0 200 10
3.0 300 10
4.0 400 10
5.0 500 10
7.0 700 10
8.0 800 10
10.0 1000 10

Fuente: Elaboracion propia

3.7 Curva de surrogado del 1-bromo-4-fluorobenzene(BFB)

A partir de las soluciones intermedios de surrogado 1-Bromo-4-
Fluorobenzene (BFB) de 100mg/L. se preparan 9 soluciones de
calibracion de diferentes concentraciones, procediendo como se indica en
la Tabla 12.

Tabla 12. Curva de calibracion de 4-fluorobenzene (BFB)

Concentracién Intermedio de Volumen Final
(mg/L) surrogado (ml)
BFB (ul)
100mg/L
0.3 30 10
0.5 50 10
0.7 70 10
1.0 100 10
15 150 10
2.0 200 10
25 250 10
3.0 300 10
35 350 10

Fuente: Elaboracion propia
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3.8 Lugar de muestreo

Las muestras fueron recogidas del Rio Chillébn ubicado en el distrito de
Puente Piedra, a la altura del kilbmetro 23 de la panamericana norte cruce

con Gerardo Unger.

La recoleccion y preservacion de muestras sdélidas y sedimentos se
realizd tomando de referencia los procedimientos de muestreo
estipulados en el CHAPTER FOUR,la cual nos indica que para muestras
volatiles o fracciones ligeras deben ser recolectadas en frasco de vidrio y
ambar con tapa teflonada teniendo la preservacion a una temperatura de

0-6°C, hasta al llegada al laboratorio para su respectivo analisis.

3.9 Procedimiento de preparacion de muestra

1) Se pesa aproximadamente 5+ 1 g de muestra en luna de reloj y se
agrega a los viales Headspace de 22ml, en la balanza Mettler Toledo.

Fig. 14. Pesado de muestra
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2) Se Agrega 10 ml de solucion modificadora de matriz (SMM), en el vial
Headspace de 22ml.

Fig. 15. Adiciones de solucion modificadora

3) Se Adiciona 250 ul de solucion estandar de surrogado (BFB),100mg/L.

Fig. 16. Adiciones de estandar surrogado
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4) Se tapa el vial Headspace con el Tool Crimping.

Fig. 17. Adiciones de estandar surrogado

5) Se llevara al automuestreador Headspace para su respectiva
extraccion.

Fig. 18. Lectura de GC-HS

6) Posteriormente el auto inyector contiene los vapores que ingresara
a la columna Cromatogréfica para su respectiva separacion y llegando al
detector de ionizacién de llama, donde la muestra se destruye originado
un perfil Cromatografico (adquisicién de datos), tal como se muestra a

continuacion.
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Fig. 19. Perfil Cromatografica de una muestra de suelo (t: 1.3min -10.5 min), donde esta

presente los hidrocarburos ligeros
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3.10 Procedimiento del analisis instrumental

1) Las muestras son analizadas en un batch llamado secuencia. La
secuencia comienza con la verificacion de la calibracion, seguido por el
analisis de las muestras ya adicionalmente se analiza un estandar de
verificacion (CON-VER) cada 12 horas.

2) Las muestras son analizadas con el mismo método instrumental que
se uso durante la calibracion.

3) Las muestras se diluyen para que la concentracion de analitos esté
dentro del rango de aceptacion de la curva de calibracion.

4) La medicion del area por encima de la linea de base se integra.

3.11 Calibracion del cromatdégrafo de gases con detector de
ionizaciéon de Llama

Para el proceso de calibracion del equipo GC/FID, se debe correr
un IM (estandar para definir los tiempo de retencion).tal como se
muestra en la tabla 13 y el cromatograma en la figura 20.

Tabla 13: Tiempo de retencion para definir los intervalos de
integracion de Rango Organico de Gasolina

Compuesto Tiempo de retencion (tr)

C6-C11 2.4min — 10.15min
Fuente: Elaboracién propia

c1l Ci2

cio

cy

cs <7

Fig. 20. Tiempo de elucién del estandar alifatico
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A continuacion, en la Tabla 14, se muestra los puntos de calibracion en
mg/L del estandar de gasolina con las &reas correspondientes y en la Fig.
20 se muestra la ecuacion lineal y el factor de correlacién R2 = 0.99801

Tabla 14: Punto de calibracion

I\ Calibration Table
Enter | Insert...| Print | 0K | Help |
# RT Signal Compound vl Amt[mg/L] Area Rsp.Factor Ref ISTD #
1 6.400(FID2E |F1 1 0,500 206,420 2.4222e-3| No | Mo
2 1.000 326,510  3.0627e-3
3 2.000 528.610( 3.7835e-3
4 3.000 776,20  3.8646e-3
5 4.000 839.020| 4.4993-3
& 5.000 1219.200  4.1012e-3
7 7.000 1513.500|  4.6251e-3
8 3.000 1827.200 4.3782e-3
9 10,000 2181900 4.5832e-3

Calibration Curve

F1, FIDZ B
Ares =208 02485°Amt+115.95725
Area —| Rel. Res®%{1): -5.150
Ennn{
1500 —
1000 =
500 —
0 — Comelation: 0.99801
: L it

Fig. 21 Ecuacion del area vs concentracion (mg/L)
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3.12 Lectura mediante cromatografo de gases con detector de
ionizacion de Llama

Para la lectura de la fraccion liviana de hidrocarburos, el equipo toma

una alicuota de 1ul para las muestras colocadas en el rack.

v' Abrir el software y cargar el método. Crear la secuencia de

muestras para un buen andlisis; seguir la siguiente secuencia.

Tabla 15: secuencia de lectura

Vial Nombre de la Nombre del método Inyeccion del vial
muestra
1 Rinse TPH-F1-GRO-RUN 1
2 IM TPH-F1-GRO-RUN 1
3 Rinse TPH-F1-GRO-RUN 1
4 CON-CCB TPH-F1-GRO-RUN 1
5 CON-CCV TPH-F1-GRO-RUN 1
6 CON-LIM TPH-F1-GRO-RUN 1
7 CON-BLK TPH-F1-GRO-RUN 1
8 CON-LCS TPH-F1-GRO-RUN 1
9 Rinse TPH-F1-GRO-RUN 1
10 SMP TPH-F1-GRO-RUN 1
11 CON-DUP TPH-F1-GRO-RUN 1
12 CON-ADI TPH-F1-GRO-RUN 1
13 Rinse TPH-F1-GRO-RUN 1
14 R-CH-1 TPH-F1-GRO-RUN 1
15 R-CH-2 TPH-F1-GRO-RUN 1
16 R-CH-3 TPH-F1-GRO-RUN 1
17 R-CH-4 TPH-F1-GRO-RUN 1
18 R-CH-5 TPH-F1-GRO-RUN 1
19 R-CH-6 TPH-F1-GRO-RUN 1
20 R-CH-7 TPH-F1-GRO-RUN 1
21 R-CH-8 TPH-F1-GRO-RUN 1
22 R-CH-9 TPH-F1-GRO-RUN 1
23 R-CH-10 TPH-F1-GRO-RUN 1

Fuente: Elaboracion propia

40




3.13 Verificacion de calibracion

La curva de calibracion y los tiempos de retencion se verifican cada 12
horas, esta verificacidbn es complementada con la medicién de 1 o mas
estandares (concentracion de CON-LCS), que contiene a los analitos de

interés y surrogado.

Para los analitos y surrogado o n-alcanos en el andlisis de verificacion de
la calibracién deben ser previamente establecidas las ventanas de tiempo
de retencion de la n-alcano de C6-C10. (EPA 8000C ,2003)

3.14 Calculos de concentraciones

Los resultados del equipo CG/FID tras procesar las muestras y definir el

rango de calibracion para la fraccion C6-C10 (GRO).

La curva o rectas de calibrado para la fraccién ligera se relaciona el area
de integracion versus la concentracidon en mg/L., dando una ecuacion
lineal la cual es Area(A)= 208.02485*Conc+115.95725, la cual aparece
en la Fig. 21.

Para expresar estos resultados obtenidos en mg/kg de suelo en base
seca, se utiliza la siguiente ecuacion de conversidon para los

hidrocarburos.

m CxV,xF,
K—j MS = (— ; & d

Dénde:

C (mg/L): concentracion dada por equipo GC/FID V: Volumen (mL)

Fq: Factor de dilucion

W: peso en gramo (Q)

Fs: Factor seco
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IV. RESULTADOS

4.1 Condiciones de Andlisis

Las condiciones para la identificacion y cuantificacion de Hidrocarburos
Ligeros C6- C10 en un Cromatografo de Gases con Detector de lonizacion
de Llama (GC/FID) acoplada a un Automuestreador Headspace, en la
Tabla 16 y 17 muestran los parametros con sus condiciones del

cromatografo y Headspace respectivamente.

4.1.1 Cromatografo de gases

A continuacién, se mencionan el parametro y condiciones del
Cromatografo de Gases

Tabla 16: Condiciones del cromatografo de gases para

el andlisis de hidrocarburos ligeros

Parametro Condiciones
Detector FID/250°C
Inyector 250°C
Columna Columna cromatografia Agilent J&W DB-VRX 20m

X 0.18mm x 1.0 m

Rampa del Horno Rate Value Hold Time Run Time
°C/ min °C min min
Inicial - 45 6 6
Rampa 1 12 250 4 27.083

Fuente: Elaboracion propia
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4.1.2 Headspace

A continuacién se mencionan el parametro y condiciones del Headspace.

Tabla 17: Condiciones del automuestreador Headspace en el
Andlisis Hidrocarburos

Parametro

Condiciones

Temperatura

Oven: 80°C

Loop: 90°C

Transfer Line

Tiempo

Tiempo de Equilibrio :15 min

Tiempo de Inyeccién : 1min

Ciclos del CG :35 min

Vial and Loop

Vial size: 20ml
Frecuencia: 36shakes/min
Aceleracion:125 cm/s2
Presion : 15 psi

Fuente: Elaboracion propia
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4.2 Resultados de las muestras de suelos

En la Tabla 18, se muestras las concentraciones en mg/Kg MS de los 10

puntos de suelos tomados en los meses de octubre 2106 a enero 2017.En

donde las concentraciones mas altas estan en los puntos 3 y 9

respectivamente.

Tabla 18: Resultados de hidrocarburos livianos en suelo

Rio Chillén

Muestra | Tipode | Codigo Concentracién de Hidrocarburos
muestra ligeros: mg/kg MS de suelo

octubre noviembre |diciembre | enero

1 suelo C-Suelo- | 1.32 1.69 1.52 1.05
1

2 suelo C-Suelo- | 1.75 1.73 1.50 1.05
2

3 suelo C-Suelo- | 1.06 <LC <LC 4,99
3

4 suelo C-Suelo- | <LC <LC <LC <LC
4

5 suelo C-Suelo- | 1.48 1.54 1.08 1.15
5

6 suelo C-Suelo- | 1.24 1.20 1.50 1.09
6

7 suelo C-Suelo- | <LC 1.15 <LC 1.95
7

8 suelo C-Suelo- | <LC <LC <LC <LC
8

9 suelo | C-Suelo- | 1.48 <LC <LC 5.72
9

10 suelo C-Suelo- | 1.69 1.75 1.45 2.30
10

Fuente: Elaboracion propia
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4.3 Resultados de las muestras de sedimentos

En la Tabla 19 se muestras las concentraciones en mg/Kg MS de los 10
puntos de sedimentos tomados en los meses de octubre 2106 a enero
2017.en donde las concentraciones mas altas estan en los puntos 6 y 7

respectivamente.

Tabla 19: Resultados de hidrocarburos livianos en sedimentos

Muestra | Tipode | Cddigo | Concentracion de Hidrocarburos Ligeros:
muestra mg/kg MS de Sedimento
octubre | noviembre | diciembre | enero
1 sedimento | C-Sed-1 | 2.92 2.09 2.10 3.00
2 sedimento | C-Sed-2 | 2.35 <LC 2.50 2.05
Rio Chillon
3 sedimento | C-Sed-3 | 3.06 3.2 3.12 1.05
4 sedimento | C-Sed-4 | <LC <LC <LC <LC
5 sedimento | C-Sed-5 | 2.81 2.40 2.18 2.55
6 sedimento | C-Sed-6 | 2.54 2.50 2.80 22.91
7 sedimento | C-Sed-7 | 2.52 <LC <LC 21.20
8 sedimento | C-Sed-8 | <LC <LC <LC <LC
9 sedimento | C-Sed-9 | 5.48 3.89 3.45 1.50
10 sedimento | C-Sed- 2.95 2.75 2.52 3.30
10

Fuente: Elaboracion propia
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V. DISCUSIONES

Se evaluaron las muestras de suelos y sedimentos del Rio Chillén, en
donde se encontraron concentraciones de hidrocarburos ligeros en los
meses de octubre, noviembre, diciembre del 2016 a enero del 2017. Asi
mismo estos resultados se comparan con los resultados de
Hidrocarburos ligeros segun la tesis de (Rosales, 2013,p.205); donde T1:
Primero Sondeo o muestreo, T2: Segundo sondeo o muestreo y T3:

Tercer sondeo o muestreo tal como se muestra en la tabla a continuacion.

Tabla 20: Resultados de Rosales sobre hidrocarburos ligeros en
suelos mg/kg MS

GROs(media), mg/kg Ms de suelo
Profundidad T1 T2 T3
(m)
1 0.0140 0.02092 3.18574
2 0.00602 0.01741 0.01763
3 0.03771 0.01809 0.0653
4 0.0899 0.01011 0.0649
5 0.0579 0.0509
6 0.03704 0.0422
7 0.0633 0.0825
8 0.01340 0.0283
9 0.0340 0.0324
10 0.0811 0.0218

Fuente: Rosales, 2013
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Tabla 21: Resultados de hidrocarburos livianos en suelos mg/kg

MS

Muestra | Tipode | Codigo Concentracién de Hidrocarburos

muestra ligeros: mg/kg MS de suelo

octubre noviembre |diciembre | enero

1 suelo C-Suelo- | 1.32 1.69 1.52 1.05
1

2 suelo | C-Suelo- | 1.75 1.73 1.50 1.05
2

3 suelo C-Suelo- | 1.06 <LC <LC 499
3

Rio Chillon 4 suelo C-Suelo- | <LC <LC <LC <LC
4

5 suelo C-Suelo- | 1.48 1.54 1.08 1.15
5

6 suelo C-Suelo- | 1.24 1.20 1.50 1.09
6

7 suelo C-Suelo- | <LC 10.15 <LC 1.95
7

8 suelo C-Suelo- | <LC <LC <LC <LC
8

9 suelo C-Suelo- | 1.48 <LC <LC 5.72
9

10 suelo C-Suelo- | 1.69 1.75 1.45 2.30
10

Fuente: Elaboracion propia
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En los resultados de Rosales se encontrd un valor maximo de GROs que
se encuentra situado en los 30 cm del sondeo T3, con un valor de 3.18574
mg/kg MS de suelo, mientras en la determinacion de hidrocarburos de
GRO se encuentra valores de 4.99 y 5.72 mg/kg MS en las muestras 3,
9 de suelos respectivamente. También se aprecian ciertas discrepancias
en tipo de suelos, condiciones y otros factores climaticos; esto puede
deberse a la infiltracion de derrames ocasionados por el llenado y fugas

de tanques de gasolina.

Los resultados en comparacion fueron aplicados por las mismas
metodologias, cromatografia de gases con automuestreador Headspace
(EPA 8015, EPA 5021).

-Los datos de Hidrocarburos fraccion Ligera de las muestras de suelos
tomadas en Rio Chillon en la estacién C-Suelo-3 y C-Suelo-9, muestran
promedios de hidrocarburos ligeros similares 4.99 mg/Kg Ms y 5.72
mg/Kg Ms respectivamente, en cambio en las otras estaciones se

observan concentraciones muy bajas.

- Los datos de Hidrocarburos fraccion Ligera de las muestras de
sedimentos tomadas en Rio Chillén en la estacion C-Sed-6 y C-Sed-7,
muestran promedios de hidrocarburos ligeros similares 22.91 mg/Kg Ms
y 21.20 mg/Kg Ms respectivamente, en cambio en las otras estaciones

se observan concentraciones muy bajas.

-los niveles encontrados en las muestras recolectadas, son significativos.
Los maximos niveles encontrados se produjeron en los dos muestreos
del mes de enero tanto para suelos y sedimentos (C-Suelo-3; C-Suelo-9;
C-Sed-6, C-Sed-7). Esto indicaria una acumulacion de hidrocarburos
fraccion ligera en las muestras tomadas del Rio Chillén, la cual
dependeria por los contaminantes vertidos al rio por las empresas que

estan alrededor.
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-“Para explicar esta tendencia de variacion en la concentracion de
Hidrocarburos fraccion ligera en los diferentes muestreos, hay que tener
en cuenta que los hidrocarburos se introducen al ambiente marino en
forma de solucion y suspension coloidal y gotas, lo cuales pueden ser
absorbido por el plancton, particulas suspendidas, sedimentos”
(Stegeman y Teal, 1973).

-La Técnica cromatografia de gases acoplada a un equipo Headspace,
es muy facil de usar y requiere poco solvente, el tiempo de lectura por
muestra dura aproximadamente 40 minutos para la determinacion de

suelos y sedimentos.

-el tiempo de elucién de los hidrocarburos fraccion volatiles, se dan en
los primeros 15 minutos como, por ejemplo: Benceno., Tolueno,
Etilbenceno y los xilenos orto, meta y para en el resto de tiempo salen los

otros hidrocarburos con mayor peso molecular.
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VI. CONCLUSIONES

e Las muestras de suelos que se tomaron en el mes de enero en el Rio
Chillon identificadas con C-Suelo-3 y C-Suelo-9, presentan
concentraciones de Hidrocarburos ligeros de 4.99 mg/kg MS y 5.72 mg/kg
MS por encima de los limites maximos permisibles establecidos por los
Estandares de Calidad Ambiental de Suelos (2013), esto puede ser
debido, a que el lugar en el que se encuentra es zona de vertedero de

desechos de la actividad industrial eléctrica entre otras.

e Las concentraciones de hidrocarburos Ligeros fueron mayores en
sedimentos que en suelos, lo que refleja que los vertimientos de
hidrocarburos en cuerpos de agua que van acumulando en el tiempo, tal
como se observa en la Tabla 17 y 18 resultados de Hidrocarburos Ligeros

en sedimentos.

e En las muestras de suelos tomadas en los meses de octubre a
diciembre presenta concentraciones de Hidrocarburos Alifaticos Ligeros,
alcanzando los limites maximos permisibles establecidos por los

estandares de calidad ambiental (ECA) para suelos.

e EI Anadlisis por Cromatografia de Gases acoplado con un
automuestreador Headspace (EPA 8015, EPA 5021) es una técnica muy
especifica para la identificacion y Cuantificacion de Hidrocarburos
Ligeros C6-C10 porque hace posible que analice los hidrocarburos

fraccion liviana sin la posibilidad de perderse en el analisis.

e Los valores de limites maximos permisibles (LMP) establecido en los
Estandares de Calidad Ambiental son Benceno 0.03 mg/kg Ms, Tolueno
0.37 mg/kg Ms, Etilbenceno 0.082 mg/kg Ms , o-xileno 3.6mg/kg Ms, y
naftaleno 0.1 mg/kg Ms; una suma total de 4.18 mg/kg Ms de
Hidrocarburos Ligeros.
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VIl. RECOMENDACIONES

e Se recomienda utilizar frascos estériles y tapas de teflon, para evitar
las contaminaciones o interferentes de matriz.

e Tratar de preparar las muestras de inmediato una vez llegada al
laboratorio y evitar la pérdida de hidrocarburos ligeros C6-C10.

e En el proceso de analisis, para disminuir alguna interferencia trabajar
con agua ultra pura o agua libre de compuestos organicos.

e En el proceso de preparacion de soluciones, utilizar metanol grado
purga y trampa o metanol grado GC.

e Se debe utilizar una solucion modificadora preparada con 180 g de
Cloruro de Sodio en 500 ml de agua libre de orgéanico, para evitar la
pérdida de analitos con alto contenido de materia organica (EPA 5021A,
2014).

51



VIIl. REFERENCIAS BIBLIOGRAFICAS

Agirrezabala, L., Dorronsoro, C., Fernandez, P., Garcia, J., Gomez, I., y Lopez, M.
(2009). Hydrocarbon analysis by gas chromatography of Albian samples from
the  Basque-Cantabrian region. Revista Geogaceta. N°16.p.140-

143.Recuperado de https://www.researchgate.net/profile/Luis_Agirrezabala

Cabrera A. (2014). Caracterizacion de una Gasolina (Nafta Ligera) mediante

Cromatografia de Gases (tesis de pregrado).Universidad Veracruzana, México.

Campillay C. (2006). Determinacion de Hidrocarburos Totales De Petrdleo (TPH-
Diésel) en Choritos Mylitus Chilensis (Hupe, 1854) de La Bahia de Corral y Sitios

Aledanos.(tesis de pregrado).Universidad Austral de Chile,Valdivia,Chile.

Castellanos, M., Isaza, R., y Torres, J., (2015). Evaluacién de los hidrocarburos
totales de petréleo (TPH) sobre suelos urbanos en Maicao,Colombia. Rev.
Colomb.Quim.,44(3),11-17.Recuperado de https://
dx.doi.org/10.15446/rev.colomb.quim.v44n3.55605

Davis Eva L. (1997). Ground wéter issue.How heat can enhance in situ soil and
aquifer remediation: important chemical properties and guindace on choosing
the appropiate technique,EPA. Technology Innovation Office USA.1-14.
Recuperado de https://www.epa.gov/sites/production/files/2015-

06/documents/heatenh.pdf

Esteve-Turrillas, F., Armenta, S,, Garrigues, S., y Pastor, A. (2007). Headspace—
mass spectrometry determination of benzene, toluene and the mixture of
ethylbenzene and xylene isomers in soil samples using chemometrics. Analytica
Chimica Acta N°587 p:89-96. Recuperado de http://www.
sciencedirect.com/science/article/pii/S0003267007001377.

52


https://www.researchgate.net/profile/Luis_Agirrezabala
https://www.epa.gov/sites/production/files/2015-06/documents/heatenh.pdf
https://www.epa.gov/sites/production/files/2015-06/documents/heatenh.pdf
http://www/
http://www/

Garcia, C., Herrero, S., Pérez, J., y Moreno, B.(2011). A simplified quick, easy,
cheap, effective, rugged and safe approach for the determination of
trihalomethanes and benzene, toluene, ethylbenzene and xylenes in soll
matrices by fast gas chromatography with mass spectrometry detection.
Analytica Chimica Acta N°689 p:129-136. Recuperado de
http://www.sciencedirect.com/science/article/pii/S0003267011000857.

Hernandez, G. (2016). Aplicacion de biorremediacién para la degradacién de
hidrocarburos totales en sedimentos. (tesis de Especialista en Gestidon e Impacto

Ambiental).Universidad Veracruzana.Mexico.

Méndez M., Rennola, L., y Pefia, M. (2011). Determinacion de hidrocarburos totales
de petréleo (TPH) usando CG-FID en suelos de un patio de tanques en desuso
situado en Catia La Mar-Venezuela. Revista Ciencia e Ingenieria Vol. 32,pp-31-
38.Recuperado de https://www.redalyc.org/pdf/5075/507550791006.pdf

Montoya, S., y Paez,C.(2012). Documentacion de la Técnica de Cromatografia de
Gases en el Andlisis de Hidrocarburos Alifaticos en Aguas Residuales. (tesis de
pregrado).Universidad Tecnologica de Pereira.Pereira.Colombia Recuperado
de http://recursosbiblioteca.utp.edu.co/tesisd/textoyanexos/66028423M798.pdf

Olguin, L., y Rodriguez, H.(2004). Cromatografia de gases. (tesis de

pregrado).Universidad Nacional Autbnoma de México.Mexico

Pavon, J., Martin, S., Pinto, C., y Cordero, B.(2009). Programmed temperature
vaporizer based method for the sensitive determination of trihalomethanes and
benzene, toluene, ethylbenzene and xylenes in soils. J Chromatogr A. N°1216
p:6063-6070. Recuperado de
http://www.sciencedirect.com/science/article/pii/S0021967309009558.

53


http://www.sciencedirect.com/science/article/pii/S0003267011000857
https://www.redalyc.org/pdf/5075/507550791006.pdf
http://recursosbiblioteca.utp.edu.co/tesisd/textoyanexos/66028423M798.pdf
file:///F:/observaciones/6070.%20http:/www.sciencedirect.com/science/article/pii/S0021967309009558
file:///F:/observaciones/6070.%20http:/www.sciencedirect.com/science/article/pii/S0021967309009558

Pefia, M. (2010).Desarrollo de nuevas metodologias de preparacién de muestra para
la determinacion de hidrocarburos arométicos policiclicos en matrices
medioambientales y alimentarias.(tesis de pregrado).Universidad de Santiago

de Compostela.Compostela.Espafia.

Pinto, L., y Bonert, C.(2005).Origen y distribucion espacial de hidrocarburos alifaticos
en sedimentos de seno aysén y canal moraleda de Chile. Revista Ciencia y
Tecnologia del Mar. Vol.28 ,Nol. Recuperado de http://www.cona.cl/vol28-
1/3_PINTO&BONERT.pdf

Rincon, J. (2015). Determinaciéon mediante GC del contenido de CO2 Y H2S para el
control de calidad del gas natural. (tesis de pregrado).Universidad Nacional

Mayor de San Marcos.lima.Peru

Risert, R. (1998).Remediation of petroleum contaminated soils. Biological, physical,
and chemical processes. Lewis publishers United States of America.p:542
Recuperado de https://www.crcpress.com/Remediation-of-Petroleum-
Contaminated-Soils-Biological-Physical-and-Chemical/Riser-
Roberts/p/book/9780873718585

Rosales, R. (2013).Deteccion y Evaluacion de La Contaminacién del Suelo Por
Tanques Enterrados de Almacenamiento de Hidrocarburos en Estacion de
Servicio. (tesis doctoral).Universidad Politécnica de Cartagena.Murcia.Espafia

Sharapin, N. (26 de mayo de 2000). Fundamentos de Tecnologia de Productos
Fitoterapéuticos. Programa Iberoamericano de Ciencia y Tecnologia para el
Desarrollo. worldcat (247),p179.

Sogorb, M., y Vilanova, E.(2004).Técnicas analiticas de contaminantes quimicos:
Aplicaciones  toxicolégicas  medioambientales y  alimentarias.(tesis

doctoral).Universidad Autonoma de Madrid.Madrid. Espafa.

54


http://www.cona.cl/vol28-1/3_PINTO&BONERT.pdf
http://www.cona.cl/vol28-1/3_PINTO&BONERT.pdf
https://www.crcpress.com/Remediation-of-Petroleum-Contaminated-Soils-Biological-Physical-and-Chemical/Riser-Roberts/p/book/9780873718585
https://www.crcpress.com/Remediation-of-Petroleum-Contaminated-Soils-Biological-Physical-and-Chemical/Riser-Roberts/p/book/9780873718585
https://www.crcpress.com/Remediation-of-Petroleum-Contaminated-Soils-Biological-Physical-and-Chemical/Riser-Roberts/p/book/9780873718585

Skoog,D.(1992).Principios de  Andlisis Instrumental. Recuperado

http://campus.usal.es/~licesio/T_|_Farmacia/TIF/texto2.pdf

Skoog, D. (2008). Principios de andlisis instrumental.. Recuperado
https://es.scribd.com/doc/63892151/Principios-de-Analisis-Instrumental-

Skoog-Holler-Nieman-5ta-Edicion

Skoog,D.(2001). Quimica Analitica.Recuperado

https://issuu.com/cengagelatam/docs/skoog_issuu

de

de

de

Stegeman,J. y Teal,J.(1973).Accumulation, Release and Retention of Petroleum

Hydrocarbons by the Oyster Crassostrea virginica.Marine Biology (22),p:37-44.

Recuperado de https://link.springer.com/article/10.1007/BF00388908
Wade,L(2007).Quimica organica. Recuperado

https://ellegadodenewton.files.wordpress.com/2017/04/quc3admica-

orgc3alnica-wade-vol-i-7a-edicic3b3n.pdf

55

de


http://campus.usal.es/~licesio/T_I_Farmacia/TIF/texto2.pdf
https://es.scribd.com/doc/63892151/Principios-de-Analisis-Instrumental-Skoog-Holler-Nieman-5ta-Edicion
https://es.scribd.com/doc/63892151/Principios-de-Analisis-Instrumental-Skoog-Holler-Nieman-5ta-Edicion
https://issuu.com/cengagelatam/docs/skoog_issuu
https://link.springer.com/article/10.1007/BF00388908

IX. INDICE DE ANEXOS

ANEXO 1
FIGURAS DE PUNTO DE MUESTREO Y EQUIPOS

GoogleEarth
o o 205m e

12Im__alt: ojo

Fig. 22 Punto de muestreo parte lateral

Fig. 23 Vista satelital del punto de muestreo en el Rio Chillén.
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Fig. 24 Muestreo de suelos del Rio Chillén

Fig. 25 Zona de descargas del sector industrial
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Fig. 26 Muestreo de muestras de sedimentos

Fig. 27 Muestreo de muestras de suelos
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Fig. 28 Secado de sedimentos para el factor de humedad

Fig. 29 Secado de suelos para el factor de humedad
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Fig. 30Cromatografo de gases

Fig. 31 Automuestreador headspace
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Fig. 32 Cromatografo de gases acoplado al automuestreador headspace
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ANEXO 2

Métodos y parametros parala determinacion de hidrocarburos en suelos y

incluyendo el naftaleno
218°C

sedimentos
Acrénimo Compuestos Definicion Técnica de Técnica comentarios
preparacion de
determina
cion
Viales de muestra
por punto de
muestreo para la
. determinacién de
BTEX Benceno, Tolueno,Etilbencen BTEX EPA _ EPA volatiles y de
0 5021,static 8260B contenido en
Headspace :GC/MS | humedad
xilenos(is6m
eros)
GROS: segln EPA EPA Wisconsin DNR
ONR }/:}./ésgcg)nsmtl 50tSSPurga |83(|)|:2)].GC/ (1995)1 define
:metil- y trampa
t- butileter.1,2,4- GRO como todas
trimetilbenceno.1,3,5- las  respuestas
trimetilbenceno cromatograficos
entre
GRO:Rango  organico _ comienzo
de gaso"na del pico del metil-
t-butileter vy
(Algunos la
. autore conclusion en el
s incluyen BTEX como ico del naftaleno
oRO GRO:n- GRO). EPA ¥ API: Ea cuantificacién.
hexano,ciclohexano,benceno | rango de C6-C10 con ;
n- puntos de ebullicion de esta basada en la
heptano, metilciclohexano,tol | 60-170°C) comparacion
ueno,n- o _ EPA5032 EPA directa del rango
octano,etilbenceno, p- Segun Wisconsin DNR 8015B:G | total en este rango
xileno,n-nonano,n-decano y (1995_)_, el rango de C/FID. respecto @
p
naftaleno ebullicion
desd un
e 55.2°C-220°C estandar de

componentes de
una gasolina, que
contiene lamezcla
de D
componentes mas
tipicos

Fuente: Rosales (2013)
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ANEXO 3

Flujo del proceso de andlisis para la determinacion de hidrocarburos ligeros
fraccion C6-C10

Muestra de suelo

1-Pesar 2g
2.-agragar shm *
3-Levar
Vial Headspace
4.-3gregar 250 ul
surrcgado de BFEF
5.-Tapar
&.-llevar
Automusstrador Headspace
(20 mjnutos)
Lecturz de Cromatografia
de Eases (15 minutos)
Interpretacion de resultzdos

{Datos)

Fuente Elaboracién propia
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ANEXO 4

Limites méaximos permisibles
de hidrocarburos segun el tipo de suelo

Fraccion de Uso de suelo predominante (mg/kg base seca)!
hidrocarburos
Agricola? Residencial® Industrial
Ligera 200 200 500
Media 1200 1200 1200
Pesada 3000 3000 6000

Fuente: NOM-138-SEMARNAT/SS-2003

1. Para usos de suelo mixto, deber& aplicarse la especificacion al menor
valor de los usos de los suelos involucrados

2. Agricola incluye suelo forestal, recreativo y de conservacion

3. Incluye comercial
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ANEXO 5

Copias de certificados de analisis de patrones de estandares

I s
RESTEK CERTIFIED REFERENCE MATERIAL g&ﬂ

s b4
Sy bne S e

TR

“5':::‘:;“‘;;‘” Certificate of Analysis .. h
S T o B

W reatok com —e
FOR LABORATORY USE ONLY-READ SDS PRIOR TO USE.
a3 ek A T forl y Use Only a3 & stendend for
e cosllative andbr g wution of the atelfefs) Fated,
CatalogWNo.: Q082 Lot No.: AQIORZ3R
Description : 4-4 ) Ster
A-Bscrrafiucrobercens 10,000uginl, PAT Mettancl, 1rmlismgad
Container Sice : 2l PhgAmt: »1ml
Expiration Date :  April 30, 2000 Storage: O°C or cokder

CERTIFIED VALUES

Campeum Geawv. Corc.
{weghvobmae)

] 1-{oeso--Sucrcbeascne (IND) ML el L S @l Crantzxux
CAS? o4 (Lot 2401K0V) LSRR F 5 v paial. Lenromsad
Purty 9 - 1299%0  pphal rcomd
Scivert: PRT Methanod
CASe AT
Purty  om

Fig. 33 Certificado del surrogado 4-bromofluorobenceno
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W o Bl s Wi
P s 400

Carrier Gas:
ey w— v 11D .

Tornp. Pragram:
HC P 1 i b 20C
@ FT e Dl o
). Temgc

Out. Tamgs

e

Out. Type:
o

Lovwe Kibsg - Nis Teebrdoian

")-.'cw S’w {

Darw Shafher - QAR

Thes chvom

& gurardd sel of leadng condiSorm chasen lor prodect

oeptance. ';m’-shnmh.mwnﬁhmhm
speclic rutrurmest, method, snd igplicetion.

Do Yinwlt  lawinih

Dt Pamad 420l

[P

MR ke Salee s 30 B LIRS
g vl Cuaddy B e

Fig. 34 Perfil del surrogado 4-bromofluorobenceno
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A~
RESTEI CERTIFIED REFERENCE MATERIAL g&a

110 Benner Circle
Belisforts, PA 168233012 % o—p
Tak: (B0m328. 428 Certificate of Analysis - &
P (B14)353-1200 nac:m
wwnraatok com LY -f_: ::.__....
FOR LABORATORY USE ONLY-READ SDS PRIOR TO USE.
Thas Rafarence Matesk i3 icfended! for Ladorsiory Use Only us @ stenderd for
e ousitathve sncty guetitatve deferrminetion of (e ateldefs) Exted,
Catalog No. : 30206 Lot No.: AD106767
Deacription : Usbeadted Cuschon Compontte Stundurd
Usheacled Gus Compasde 50, 000ppirl, PAT NMethasal, Seslinrmped
Comlaler Size: Sl PhgAmt: *Sml
Expiration Date: Nowernber 30, 2021 Stonge:  O°C or cokder
CERTIFIED VALUES
Compound Grav. Corc. Expandes Uncertaiey
fesgtatvome) (a8 OL W)y
] Unfcaded Camolas Compous N2 gl o 2912 il Gzt
CAS? vl (Lt ADGT 169y e 4501500 pgial Lnrowsed
Puty —% o 4500500 el Nrowd
Sohvart: PRT Methunod
CASe o751
Purly  om

Fig. 35 Certificado del estandar de gasolina
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W & Bl o+ Ll
. N

Carrier Gas:
Syt e 1D .
Tornp. Pragram:

AT Pl 3 i v 20

@ T ot & i)

In). Torngc
Det. Tamge

Dot Type:
©

4

. .,
Al A ok

Chavy! Gk - Mx Tech e

Jod €. Deece - OA Restyst

Il ;" h‘.’ .\'.!.'L-.-“c. Mot ll .‘.«- " l.. lh-d N -

" a)

-

This chvomalogram reprusents 4 geseral sel of lestng condiiors chosen for product
scouptance. For opterad reschs n pour led, conciions shouk! be acualed for pour
speciic rmdrumest, mathod, sad splicasen.

Dabe Viowdh  S304 Beben LIRS

Dol Posed  3p0nainie M efaChind widnl Kadden s SO 0T IMRE

bt e 00 Cudly Sy

Fig. 36 Perfil del estandar de gasolina
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ANEXO 6

Perfiles cromatograficos en el cromatografo de gases

2

; a |
; clo

'.

1 Ct /
- o 7

B- 'C-E
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‘.
i i i § i n i nl

Fig. 37 Perfil Cromatografico de un estandar alifatico para obtener el tiempo de retencion
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Fig. 38 Perfil Cromatogréfico de un estandar control del laboratorio de hidrocarburos ligeros
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ANEXO 7

Método de la norma de la Agencia de Proteccion Ambiental (EPA 8015C)

METHOD B0BC

E5W-846 is not intended 1o be an analytical training manual. Therelone, method
procedures are writen based on the assumption that they will be performed by a who are
formailly traimesd in &t bsast $we basic principles of chemical analysis and in the use of e subjec

technoiogy.

in addiion, %846 methods, with the exceplon of reguired method vse for e analysis
of method-Jefined paramelers, ane intended 1o be guidance medwods which contain general
information on how 8o periorm an analylical procsdure or lechnique which a laborabory can use
&5 a basio starting point for gememating its own detalled Standard Operating Procedure (200,
wither for its own general use or for a speciic project application. The perfomance data
inchuded in this meshod are for guidance purposes only, and are not inlended o be and mus]
mof be used as absobse G acceptance criteria for purposes of laboratory acoreditabion.

1.0 S00FE AND AFPLICATION

1.1 This method may be used o deftemine the concentrations. of vanous
ronhalogenated volatie organic compounds and semivolatie organic compounds. by gas
chromalography. The folloaing RICRA compounds were quantiatively delemmined by Tis
method, using the preparabve ledhinidgess indicated.

SCpICpialn | oG
oL CAE Mi.™ Furgi- Hiagad - Dot A Waoinam
afed- spade”  Aguecis | Dt D ®
Trag" [ s T
s 41 [ ] ] K K
LS B =N N ] i) 114 o K s
Acrolen 107028 g e u . «
Anghonibni 107-13-1 po nix u K K
iyl alcoted 107-18-B hi nix u K e
A aloohol (TAA] 752854 frt X ne ot X
E-Rurreyl iyl aiheer [TAEE}) T19-94.8  whi K ni e K
E-Aureyl mihyl ethar [TAME] 4058 whi K ni e K
Benzon 71-43.2 N K ne e N
t+-Butd alcohol (TEA) T5-E5-0 ft % u . «
Crotonaldetyd e 123739 1] (111 ] K oz
Capdrad edrur [ e R By ] (111 ] oz oz
Diiscpropyl etha {DEPE] 108-20-3 wf bl ] (111 oz K
Ethanal E4-17-5 | ] ] K ]
Etfryl atariabe 141-T8-B | ] ] K oz
Etfrg b 100414 ] ] i oz K
Elrphiiin Coki Ts-Zi-8 I i | K ol
Etivd rad-butyd et (ETBE) aIT-82-3 wf bl ] (111 oz K
Eopropyl aloohed (2-Propanc) ET-E£3-0 1] ] ] K oz
BMEC -1 Revision 2
Febnuany 2007
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SR IGpale T horrgas

Compournd CAE Mo.® Furge-  Head- Diireci AZpa  Viatusm
iiral- spade”  Aguecus | Dt Diisz ®
Tirag® Il

Mol &7-56-1 | i W i ol

Moyl aihd iong [MEK. T&-93-3 i1} i W i i

2 Basmireni)

Mo rarrbud eftar [MTEE) RE=EE R il b i i Tk i

M FEs-d R pla e 024-16-3 i1} Tt W i ol

Par al ks 1233-63-T i1} Tt W i ol

Z-Praning 107E7-0 i1} i W i ol

Z-Pooling 1iF06-8 [i4] 1] .| K ol

1-Propainiol [a-Propyd alooidal) 71-23-8 i1} i W i ol

Progionitrle {Efyl cyanide 107-12-0 i Tt W i ol

Pyriding 110881 1 i | K Tk

Tk L 1iE-28-3 i i i Tk i

e-Todusding 534 | Tt W i ol

O-X i B=47.5 i i i Tk i

N yhnE 1iE-38-3 i i i Tk i

3 it 1ilE-431-3 i i Tii Tk iy

a Chomical Absiract Service Regiaiy Humbir

b Purge-and Trap (Meihods 5030.0r 5035,

& Adediopes dedlabon (Method S031)

d  Waouiam estlkatom (Methaod S03T

& Hisadispaok (Mithod 5021

¥ Adequale nesponsd using this echnique

hi Metod analyie only when punged ai B0 “C (high lempoerzung purge)

I Inappropriabs echnigue for this analyie

i Mol ealuabod

PP Poor purging effcasncy, resuling in higher s of guantitaton. Uss of an alsmative samphs

preparaive mathod i strongly recommended. May b amenable 1o purging af elevaled

P e 1T

12  This method may be applicable o e analysis of other analytes, including
friethylamine and petroleum hydrocarbons. The petmieum fydrocarbons inoude gasoline
range oeganics (GRO) and diessl range oeganics (DRO). The sampie preparation kechniques

aPE Shanam in thie tainle el

SCpinphaln Tt o
Coimpaodined CAS W Purga- Hizaad- st ok
and-Trap  SPELD  Anuoodis Exiracii
[ e Tyl
Tk Brrglaiming 12144-8 ] ] . |
Gasoling range ganics (EH0) - i i i I
ik ranedd organecs (IDRCH - 1 | b}
@  Chamical Abgiresl Eenica Rasgising Mu
W Adeduabs response using this echnigue:. — |: Inapropnake echnigue ko s analie
e Mol evaluened
B0sc -2 Revtsion 2
Febnuary 2007
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124 This method was applied 1o the analyss of msfylamine in saber samplkes
by diresct squeous injectan anlo a different GG column $han s wsed for any other analkytes.

Descripfions of the GC oolumn, Empeabre program, and periormance data for
ethylamine are Wlnmllmlmﬁuﬂ.ﬁj.ﬂmﬂj.ﬁ,:H'H:I'l'i:l-lll'.lﬁ?.

122 GRD comesponds io the e of alkanes from & to €, and a boling
p:uinrlp-nl:nmﬁnﬂlwm'l:-1m:z?ﬂnhfmﬁ; DRO oorresponds b e

of alkanes from C,; 10 G and @ bolding point range of approdmassly 170 ~C - 430
" noe ). The guanttatve analyses of hese sl bypes ane based on the
:rn-:-ndum--:l-u:-mtmdln Sec. 11.11. The identfication of specific fuel types mary be
complicated by emdronmental processes such as evapoason, biodegradation, or when
miore tham ane fuel type s present. Methods. from other soures. mary be mone apEropiate
for GRO and DRO, since these hydrocarbons are not reguiaied under RERA. Consull

Exate and iocal reguiatony authorfes for amy speciic reguilatony reguirsments.

1.2.3  This method may be applicable o classes of analyies and to i bypes
and petrolewm fpdrocarbons, other than those listed inSecs. 1.1 and 1.2, Howeser, in
order o be vsed for additional analyles, fuel types, or peimolewn fydrocarbors, te analyst
st demonsabe That the gas candibons, including the GE column, ans
q:lpmp-rlﬂu'hrl‘l-uanal}'tﬂ-ul‘lmm mmmuﬂnpmﬁmlurlﬂi
demonstrabion of proficiency descrnbed in Sec. 9.4 and Method BO0O. Exparsion of this
method o other fuel types or petroleum hydmocarnons will also necessitabe careful defining
of the boling point range or carbon number range of the material and modification of S
quanifation approsch b match such mnges. Analysis are adwissd 0 oonsult authorfartrae
sourpess, such as the Amencan Petrolewmn insthsbe (&P1), for redevant definitions of ofher
el types or petoleum fracions.

MOTE: Mention of the analyses. of ofher fuel bypes and petroleum fractions does nof
imply a regulatory reguirssment for such analyses, using this of any other
miethod.

13 This method can also be used as a screening ool {for both voladile and
semivoladle organics ) b abtain semiguanatative data bo prevent overfoading the GCiMES system
during quantitative analysis. This may be accomplished wsing a purge-and-trap method {e.g.,
Mi=thod SIGD], an aubomated headspace method (e.g., MeShod 5131 ), direcl aqueous injpschon,
or by direcl injection, i a solvent exiraction method hias been ulieed for sample preparation.
Emngle-point calibration is acoeplabie in this sfuation. Performance data are not provided for

SCreeTing.

14 ﬁﬂhmﬂﬂm.lrﬂ]ﬂlmmmmﬂ“MMMm
for each type of procedure Hat may e employed in e overall analysis (2.g., Methods 3500,
3500, 5000, ard 8004} for additional indormabion on guality confrol procedures, development of
OC acoeplance orflena, calouabions, and general guidance. Analysis also should oonsult He
disdaimer sasernent at the front of b manual Indwl:rulnl'mmrbm in Chapter Two for guidance
on the mtended Nexbiity in the choice of methods, apparatus, malenais, reagents, and
supplies, and on the responsibikties of the analys? for demorsirating thatl the techniques
ampkyyed are appropriate for the analyies of interest, in the mairte of imerest, and al the levels
of comcern.

In addAon, anakysts and data wsers are advised That, except where explicilty speciied in a
regulation, the use of 5¥W-845 methods s nat mandatory in responss o Federal iesing

BO16C - 3 FAevision 3
Febnuary 2007
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requirements. The informartion conftained in bhis method is prowided by EPA as guidance o s
used by the analyst and the regulaled community in making judgments necessary 10 generale
resuls tha? meel the mqﬂﬂyw:hﬂum applcation.

15 Thizs method IS restncisd for use by, of under e SupsErdsion of, analysis
appropriately expenenced and franed in the use of a gas chromatograph and skiled in the:
interpretafion of gas chromatograms. in addition, i $us method is 1o be wsed for the analysis of
petrodeum pdrcarbons, B use then should b= imied o analysis expenenced in the
interpretation of fydrocarbon data. Eadh analyst must demonsirale the ability o penerate
accepiable results with this method.

20 SUMMARY OF METHOD

21 This method provides gas chwomatographic condiions for S delection of certain
nonhalogenated volatie and semivoladie Organic oompounds.

22  Depending on T analytes of interest, samples may be introcduced inbo S GO by
a variety of technigues, inoluding

+ Purge-and-frap (Methods 5030 or 5038)

+ Equilibrium headspace (Method B021)

+ Diwect injection of aguecus samples

+ Injection of the concentrale from azectropic distilation (Method 5031}
+ ‘Vacuum distilation (Method 50332

a Fuummg soivent sxirachon [Mefhods 3510, 3830, 3535, 3840 3541, 35485,
3546, 3580, 3560, or other appropriate fechmigues |

23  Groundwater or surface waler samples. penerally need i be analyzed in
conjunction with Methods 5021, 5030, 5031, 5032, 3510, 3520, or ofher appropnate preparaion
methods 1o obt@in the necessary lower limiss of quariftaton. Method 3535 |sold-phase
exiraction) may also be appicable to some of the target analyles, however, Tis method has not
kezn validabed by EP in conjunction with this deferminative method,

24  Samples o be analyzed for diessel range oiganics may be prepared by an
appoprate solvenl eximchon method.

25  Gasoline range crganics may be introduced info the GEFID by purge-and-irap
iMethods B30 and 5035, avlomated headspaios | Method 3021, vacuum distilaton | Method
5032), or other appropriaie fechnique.

26  Trethylamine may be analyzed by direct injecton of agueous samples. This
compourid has nol been found 1o be ameraibls o purgs-and-trap fechnigues.

BOSE -4 Revision 3
Febnuany 2007
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27  Anapproprate column and lemperatune program ane ussd in e gas
chromaiograph o separate the onganic compounds. Deleciion is adhieved by a flame ionizafion
detector (FID).

28  This method allows the use of capdiany or packed columns for te analysis and
confirmation of the non-halogenated individual anahyfes. The GE columns and condfions. listed
e been demonsirated o provide separation of those target analytes. Other columns and

conditions may be employed, provided that e analyst demonsirates adequale periommance for
e Imfended appdicabon

29  The guanttadve analyses of GRO and DRO are based on e definfions provided
in Sec. 1.2 7 and the procecores desoriesd i Sec 11.11.

210 Given the large mumber of components o be separated, fused-silca capillary
columns are necessary for the analysis of peiroleum hydrocarbons, induding GRO and DRO,
and are recommended for all ofher analyies. & capillary oolumn is also necessary for e

aralyss of riefrglamine.

30 DEFMIMONS

Feler 1o Chapter One and the manufaciurer’s instruciions for definions that may be
relevant fo this procedure.

40 MTERFERERCES

4.1  Sovents, reagenis, gasseare, and other sample processing hardware may yeid
artifacts and'or inlererences o sample analysis. All of these matenals musi be demonsirated
fo be free from interderences under the condfions of T analysis by analyzing meshod blanks.
Epecific selecion of reagents and purification of sohwenis by distillation in allglass sysiems may
b= necessary. Fiefer o each method o be used for speofic guidance on gualiy coninol
procedures and o Chapier Fouwr for general guidance on e deaning of glassware.

42  %hen analyzing for volatile organics, samples can be contaminaied by diffusion of
wolalie crganics [ particularty chiorducrocarbons and mesvyiene chionde) Twough he sample
container sepium dunng shipment and storage. & rip blank preparned from organic<fres reagent
vialer and camed theough sampling and subssquent siorage and handing &il serre as a check
on such contamination.

43  GConmmination by carmyoser can ooour whenever high-concentration and
low-ponoentration samples are analyzed in seqguence. To reduoe the polential for camyover, the:
sample Syringe or puiging device nesds o be insed out besween samples with an approprale
solvent. Whenever an unusualy concenfrated sample is encoundered, it should be followed by

injection of a solvent blank 1o chedk for oross contaminafion.
4.3.1 Clean punging vessels with a defergent solution, rinse with disllled waler,

and then dry in a 105 "C oven between analyses. Chean syringes or aulosamplers by
fiushing all suriaces thad contact samples usng appropriate solvenis.

BBE -5 Hevision 3
Febnaary 2007
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4332 Al glassware must be sorupulously cleaned. Clean all glssaane as soon
a5 possible afer use by rinsing with the last sohver used. This should be folowed by
washing wilh hol water, and rmses wilth @p waler and resgent
waler. Drain the glassware and dry it in an owen at 130 "C for several hours or nnss &
with methanol and drain. Sore dry glasseans inoa clean envimonment.

44  TheAlame ionization detecior (FID) s a non-selective delecior. There & a pofensial
for many non-larget compounds present in samples fo interfers with this analysis. There is also
e poiential for analyies to be resoived poory, espedally in samples hal conlain many
analytes. The daia user should consider this and may wish %o aler the larget analyte kst

accordingly.

50 EAFETY

This method does not address all safety issues associated with ifs use.  The laboratory is
responsible for maintaiming a safe work environment and a cumenl asareness fie of O5HA
reguiations regarding e safe handling of the chemicals isied in this method. A rederence file
ol maienal sadety dala sheels (MS0Es) should be available o al personnel involved in these

ANafses.

G0 EQUPMENT AND SUPPLIES

The merfion of rade names o commercial products i this manual is for Buesiratve
purposes only, and does not consttute an EPA endorsement or excuske recommendabion Tor
use. The products and instnument settings ciled in 5W-848 methods represent those products
and sefngs used during method development or subssquently evalualed by the Agency.
Glazsware, reagents, supples, equipmend, and weRings other than Those listed in iz manual

mary e employed provided that method performance appropriaie for the imended application
Fiars. Bemen demonsiratesd and doou misnbesd.

This section does nol ist common laboraiory glassware (e.g., beakers and fasks).

61 Gas chromatograph — Analytical system equipped with gas chromatograph
suitable for solvenl injections, direct aquecus injection, headspace, vaouum distlla%on sample
introduction, or purge-and-irap sampls infoduction, and equipped with all necessary
@coessonies, inchuding defecions, oolurmn supplies, recorder, gases, and syringes. A dala
system for measring peak heighls andior psak areas is recommended,

632 Becommended G columns

The choios of GG column will depend on e analyies of interest, the expecied
concenirations, and the imiended wse of e resuls. The packed columes Esbed below ane
mmhmlmmmm The capillary columrs are necessary for petroksum
Frydrocarbon analyses and for metyiamine analyses and are recommended for all other
analyses.

The columns listed in this secion wers e oolumns used D develop the method. The
lisiing od Sese ocolumns in this meshod is nod intended 10 exciude the use of other oolumns that
are avalabie or thal may be developed. The labomatory may use ether the columns listed in his
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meethod or other columns mdmtmmdmrm:.mmﬁudﬂ'ﬂ:rmhb:m
documenis method periomance data (e.g.. chromatographic resoluSion, analyie breakdown,
2 mw}m“:pmmhﬁulnmmm.

621 Golmn i = B x 0. 1-n. ID siminkess sieel or glass column, packed with
1% 5P-1000 on Carbopak-8 G080 mesh or equivaksnl.

522 Column 2 = B8] E 0L1<n. 10 stainke=ss sies] or glass column, packed with
n-octane on Porasil-C 1004 30 mesh | Durapak) or equialent

523 Column 3 = 30um x 0.53.mm 1D fused-siloa capillany column bonded with
DB:Wax [or equivalent], 1sum fim Seciness,

624  Colmn4 = 30um € 0.53-mm 1D fused-sikoa capillary oolumn chemicaly
bonded with B% methyd sikcone (DB-B, EPB-5, ATx, or eguivalent), 1.B<um fim hickness.

625 Colmn b = 30um x 0.53-mm 1D fused-siloa capillany column bonded with
HP Basic Wax {or equivalent], 1-am film thickness. This oolumn is used for frethylamine.

526 ‘WWide-bors columns should be nstalled in 144nch inpsciors, squipgsd
with deacivated liners designed spedfically for use with these columns.

63 Delecior - Flame ionization (FID)
&4  Zample introduction and preparation apparabus

R Refer fo the 5000 series sample preparation methods for the approprate
mpﬂ:l.uhrmrgu-aﬂ-tm.r'md:muu. ansotmopss dishilation, and wacuum disallrbsn
analyses.

5432  LSamples may also be introduced ints te G wia injection of sobent
extracts or drecl injection of aguecus samples.

65 Synnges

651  S.mlL LusrLok glass hypodermic and B-mlL gas-bight syringe equipped
with a shusoff valve, for wolatile analytes.

a5 Slicrosyminges - 10- and 25l equipped with a 0.006-in. 10 re=edle
{Hamilion TOZM or eguvakent| and 100-@l.

G5  Volumetic fasis, Class A& < Appropriate sizes equipped with ground-glass
sioppers.

&7  Analytical balance — 160-g capacity, capable of measuring to 0UO001 g.
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70 REAGENTS AHD ETaAMOARDS

T4 Reagent-grade chemicals must be used inall iests. Unless othersise indicaied, i
is inended that all reagenis conform (o the specifications of the Commifes on Analylcal
Reagents of the American Chemical Society, whene such spedfications are avaiable. Other

grades may be used, provided it is first asoerained fhat the reagent is of suficiendy hl-Em purity
fio pemit its use withoul lessening the acouracy of the determination. Reagents should

siored in glass io prevent the leadhing of contaminants from plastic containers.

72  Organic-free reagent waler = All referenoes o waler in $is method refer io
organic-free reagent water, as defined in Chapler One.

T3  Methanol, CH,OH, pesticide quality or equivalent - Etore away from other
solverls.

T4  Fuels, e.g., gasolne or diess - Purdhase from a commerdal source.  Low-boilng
comporsenis in fud evaporaie quickly. s applicable and available, obtain the fuel from the
leaking tank on sie.

75  Alkane standard = & standard containing a homologows senes of pakanes for
establishing relenton imes je.g, G -C,, for diessl).

T5  “mandand soclulicons

The folloaing sections desoribe the prepaadon of sinck, imermediate, and working
standards for e compounds of imerest. This disoussion is provided as an example, and ofher

appmaches and concentrations of the tamet compounds may be ussd, a5 appopate for e
intenced appication. See Meshod 8000 for addifional information on the preparation of
calicrabion slandards.

7.7 ‘Esock standards -- Stock solutions may be prepared feom pure standard maienals
or purchased as cerified sohfons. When methanol is a arget analyle or when using
mmmmﬁrmmm.m should pod be prepansd in medanol.
Esandards mus! be replaced afer & months or sooner, if comparson with check standands
indicarles & probdem.

78  Sscondary diution standards - Using stock standard solutions, prepare secondary
dilution standards, as needed, that contain the compounds of inlenest, sither singly or mined
fogether. TMHMﬂmmmMﬂMpmmdmmmmﬂm
ajueous calibradon siandards prepared in Seo. 7.9 will bracket e working range of the
analytical system. Secondary diution standards showld be stored with minmal headspace for
wolaties and should be checked frequenily for signs of degradation or evaporabion, especially
just prior io preparning calbration standards from them.

T3  Cabbration standands - Prepare calbrabion stamdands at a minimum of $ee

different concentrasions in oganic-free reagent waler flor purge-and-trap, direc aqueous
injection, azectropic distilation, or vacuum distilabon | or in methylens chionde (for sohvent

| from the secondarny dilSion of fhe siock standards. For headspaoe, prepare the
shandards as directed in Method 8021, Ome of the siandards should be af or belos e
conceniration equivalent b S appropriaie lower limi of quantiation for e project.  The
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remaining concenfrabions should comespond o S expected range of concenfrations found in
real sampikes or should define e working range of te GC. Each standard should oontain each

analyte o be delermined by this method (e.g., some of all of tee compounds listed in Sec. 1.1
miary b inchoded). i omder o prepane acourate aqueous standard solutions, the: following
precautions need 1o be observed:

791 Do notinject mone tan 20 pL of methanolic standands: into 100 miL of
waler.

a2 LUse a 25-ul HamiRon TO2ZN microsyminge of equivalent (vararborns in
needie geometry will adversely affect the: ability b deliver repimoduscible solumes of
methanolic slandards inko warler).

TH83 Ha inject e primary standard imio the filed wolumeino flsk.
Femose the nesde as as possbie injection.

T894 Mo dikted standands by irmerting the flask three imes anly.

785  Filthe sample syringe from the standard solution ocontained in the
enpanded area of the flask (do not use any solution contained in the resck of the Sask).

786  The negalfe pressure generaied by pipeties makes: them inappropriate
fior rojutires s in B fransier of spiked sobfiors. As ouoh, use of pipeSes o diute or
ransier aqueous standants should be avoided. When sample framsfer is absolutety
neoessary, (such as in the perfomance of headspaoes sample preparation for water
samgies) only high quality, automatic pipettes should be used, and then with exreme
Care.

TAT  Agueous Sandands used for punpe-and-Trap analyees | Method S000) are
miol stabile and should be discarded afier 1 b, unless keld insealed vals with zerm
headspace. H w0 siored, they may be heldd for upio 24 brs. Aqueous standands used for
azeoropio distilaton [Method 5021) may be siored for up o a manth in

pokietrafiuoroethydene |PTFE)-sealsd scres-cap bofes with minimal headspaoe, at 6
"2, and proseched from lighl.

788  Swandards for deect agueous injection of medhylamine ane prepared by

dissolving an appropriate weight of neat negwylamine in aganic-free resgent water and
diluting 1o wolume in a volumednic flask.

710  imiemal standards {# internal standard calisrabon is used) < Ta use tis approach,
= analyst nesds o seledt ane of maone iInlemal slandards that ars Smilar in analyScal bBehavior
fo the compounds of inierest. The analyst meeds fo further demorsiraie that te measorement
of the intemal standard s not aflechsd by method or matrix inferferences. Because of these
limatiores, na inkemal SSandand camn b supgesied Tl & applicable o all sampess. The
following inlemal slandards are recommended when preparing samples by aceotropic
cistilation (Mafod H121)% JEWMH.W{M.H
heoaduono-2-methyl-2-propanol.

.1 Wmm--wmm.mmmmmm
performance of the analytical sysiem and e effecirveness of the method in dealing with each
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sample matn, by spiking each sample, Sandard, and blank wish one of B0 sumogale
compounds which are not afiscied by mehod imerferenoes.

B0 SAMPLE COLLECTION, PRESERVATION, AND STORMSE

81  See the introductony material io Chapber Four, *Crganic Analyles,” and Method
5035,

a8z i the headspace iechnique is wsed, also ses Method 5021,

50 QLY CONTROL

a1 Reler o Chapber One for guidance on assurance [3A) and guality coninol
{2C) protooois. mmlmm?:lﬂ hu*n;ﬁygujﬂnﬂ, rrru;;ncl-r:pmﬂnﬂl:
criteria taks precedence over bofh iechnique-spedfic oriteria and those orilena gven in Chapler
One, and lechnique-speafic OF ofena take precedence over the oriiena in Chapser One. Any
efiort imeoking the colection of analytical dala should include development of a stuciured and
:l-gr.hnl'h-t.pllrﬂrrgl:l:nlnu-nt.m::IMﬂEMMFm}HM[ﬁB.FF']m:&Tﬂm
and Analysis Plan (SAF], which ransiates project objectives and specifications info directions
for those thad will implement the project and assess the resulis. Each laboratony should
raintain a formal qualify assurance program. The laboralory should also maintain recards 1o
documeni the gualfy of The dala generated. Al dala sheets and gualify conirol data should be
maintained for rederence or inspection.

92 Belerw Method BOX0 for specdic delemminatee methad G0 procedures. Befer o
Methods 3500 and 5000 jor 3 procedunes bo ensue the proper operafion of e various
sample preparation andior sample ininsduction echnigues. H an extract cleanup proocsdure is
performed, reder o Method 3600 for the appeopriabe OC procedures. Any more speofic QC
procedunss provided in Bhis method will supsrsede those noted in MeShods B000, 3500, 5004, or
50,

83  Chality conbrol procedunes necessarny 1o evaluale the GE system operafion are
found m Method BOE and modude evaluation of refentbcn tme windoss, calbrafion verfication

and dhromalographic analyses of samples.

84  iniial demonsiraiion of proficency

Each laboraiony mus! demorsiraie imtial profciency with sach sample preparation and
deferminative method combination # utiizes, by generating daia of acceplable acouraoy and
precision for taget analyies in a dean mavric §an aulosampier is used io perdom sample
dilutions, belore using the autosampler 1o dikte samples, the laboralory should safisty iseif that
oo dilutions are of squivalent or betier accuracy than is achieved by an expenenced analyst
performing manual diutions. T laboratory must also repeal the demorsiration of proficency
whenever new siaff members are traimed or significant changes in insinumentation are made.
e Methods 5000 and B304 for informatbion on how 1o acoomplsh a demonsiration of
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g5 lribal ,hui‘-:llupmnu.:rga samples, the analys? should demonstrate thad al
md&uuq.anLincmmmanﬂﬂum reagenis are inlerference-fee.  This is
accomplished $rough the analysis of a method blank. As a continuing check, each Sme
samples are extracied, deanad up, and analyzed, and when there is a change in reagents, a
method blank should be prepared and analyzed for She compounds of imierest as a saleguard
?I"ﬂtm laboratory contamination. I a peak is obsersed within $e retenfion Sme window
any anakyte that would prevent fhe delerminason of fiat anakyte, delerming the source and
sliminaie i, i possible, before processing the samples. The blanks should be camed Srough
all stages of sample preparation and analysis. When new reagenis or chemicals ane recsved,

e laboratory should monitor the prepaasion and'or analysis blaniks associated with samples
for any sigres of contamination. 1% is nol necessany o lest every new baich of reagents or

chemicals prior io sampie prepamation if the source shows no prior problemns. However, if
reagents are changed during a preparation batch, separate blanks need %o be prepared for each
set of reagents.

86  Sample quality control for preparation and analysis

The: laboratony mus! also have procedures for dooumenting the: efiect of She matnx on
method p-u-rlmnuw:n precision, accuracy, method sensfviy). At a minemom, this should
inchude the analyss -Dﬂﬂnﬂul'u.t:irgarmﬂmdhlmh. a mabrn spie, a dupboale, and a
laboralory control sample (LES) in each anabytical baich and the addibon of sumogabes to each
fieid sample and GC sample when sumogates are used. Any method blanks, mainx spike
samples, and rephcale samples showld be subjecied io the: same analptical proosdures. (Sec.
11.0} a= those used on achual samples.

861  Dooumenting the efiect of e mainx should include the analysis of at
least one matrx spiks and one duplicats unspiked sample of one mainx spkeimat spke
duplcaie pair. The decision on whether 1o prepare and analyze duplicate samples or a
matrix spike/matnx spike duplicate must be based on a knowledge of the samples in the
sample batch. M samples are expected %o contan target analyles, then laboratones may
USE one matrix spike and a dupbcaie analysis of an unspiked field sample.  samples are
niol expecied fo contan targed anakytes, labomtones should use a mas spke and matnx
spike dupbcate pair. Consull Method BOXO for information on developing acceplance
criteria for e MEMED.

962  Alaboratony contnol sample (LES) should be included with each analyscal
baich. The LES porsists of an aliguot of a dean {oonirol ) madric simiar 1o the sample
matrik and of the same weight or volume. The LES is spilosd with the same analyies at
e =ame concentrabions as e mainx spike, when approprigle. When the resuls of e
matrik spike analysis indicates a polenbal problem dus 1o the sample matnx Rsalf, te LGS
resuls are uwse=d 1o that th | cain periormm thee am In a cleam matn.
Consull Method mﬂlmwm Itcﬂﬂ.lrl:ﬂﬁ“ﬂ'fhﬂl for the LCE

863  Alsosee Method 8000 for details on camying ouf sample: quality condeol
procedurnes for preparation and analysis. In-house method performance orteria for

evaluating method performance should be developed using e guidanos found in Method
S0,
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87  Swrogale recovenes

I surmgates are used, the laboralory should evaluate surogate recovery data from
individual samples wersus the sunogate control imits developed by fhe laboratory. Ses Kethod
8000 for information on evaluating surrogate data and developing and updating surmgate Bmils.
Froosdures for evaluasing the recoveries of muliple sumogates and the assocated cormeotive
actions should be defined in an approved project plan.

98, R mscommended thal S labomabory adopt additional quality assurainos prachces
for use with this method. The spedfic practices that are mosi producive depend upon the
nesds of the laborafory and the nature of fhe samples. \Wheneser possible, the aborafory
should analyze slandard reference maferials and participate in relevant performance evalialon
shufies,

100 CALIBRATION AnD STARDARDIZATION

Lew Lo, 11.2 Swrough 115 for information on calbration and standardization.

110 PFROCEDURE
1.1 Imiroducton/prepaafon meihods

“Warious Sechrigues are avallable for sample introducion. All infernal standards,
and mainx spikes (when applcabls ) nesd o be added o wamples before
introduciion into e GEFID sysiem. Consult the: applicable sample iniroducion method
regarding when o add standands.

iOther sampls infroduction iechniques. may be appropriate for speciic applications and the
fechnigues desoribed here also may be appropriate for ofher mafrioes and analyies. Whalever
fechnigue is employed, sncuding those muuﬂr.iplﬂ-:l below, the analyst mus demonsimade
adequale periommance for the: analyies of imlerest. A&t a minimum, such a demonstration wil
encompass the initial demonsiration of profickency described in Sec. 9.6, vsing a dean
refenence maiic. kethod BOO0 descrbes procedures that may be used fo develop performanos
criteria for sudh demonsirations as well as for matrx spike and Bboratory control sample
resuks.

11.1.1  Direct agueows inpsction - This fechmigue invohwes. dinect syringe: injection
of an abguot of an aguecus sample inlo the GC injecion port. This echnique is applcables
fio the following groups of analyies in s method.

11.0.1.1  volasle onganics (indudes. GRO)

This techmigus may invobve injecion of an aquecus sample containing a
wery high concentration of analyles. Direct injection of agueous samples has
limeed application in the analysis of wibdle organics. | is only appropnaie for the
delemination of wolaties at the ooty charactenstic {TC) regulatony bmits or at
concenirations in exoess of 10,000 ppl. Emay also be used in conpnoion with
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e iest for ity in aqueous samples (along with Methods 1000 and 1020) o
delemine i alookal s present af > 24%.

11.1.1.2 TneSvwiamine in agueous samples

Tmﬂl}imghﬂdm by injecting a porton of an aqueows
sample: finscty Info fhe injection porl.  This iedhnigue has been demonsirated
o be appropriate for samples containing low pgil {ppb) concendrations of

riethdamine.
11.12 Pwpe-and-Frap of volatie organics (includes GRG0

This includes puge-and-rap for agueous samples {Method 5030) and punge-anid-
frap for solid samples (Method S5335) Method 5008 also prowides iechnigques for
extraction of solid and oily waste samples by methanol (and other waler-miscible sohems)
Wit subsequesn? purges-and-irap Fom an aqussus matis using MeShod 50300 Mormally,
purge-and-rap for aqueous samples is periormed at ambient iemperatures, while
soil'solid samples. uhilize a 40 "C purge bo improve exraction eficiency. Healed purge
mﬂﬂmﬂhmm“mﬂdmmm solubikbies i waler,
parbodarty aloohols associated with fusl corygenates such as and Tau,
Oooasionally, there may be a need 10 periom a beaied purge for aqueous samples o
lower detection bmits; howeser, using a 25ml sample will ofen proside the sensiviy
meeded In most Shadons.

11.1.3 Azecéropic dstilation

This technique explofs the ablity of selecied water-soluble organic compounds: o
formi binary azeoiropes with water duning distilation. The organic compounds. ane

remosed from the bulk sater sample and concenfrated in a dislllafe, as descoribsd in
Method 5001, Malqmtnlluth-ﬂldnuﬂunlr&udndmluﬁﬂ'ﬂb.

11.1.4 Vaouum distilabon of volatie organics

This techmnique employs a vaouum distilabion apparabss 1o introduce: volatie

organics from aquestus, solid, or Hssies samples into the GEFID system, as desorbed in
Eethod SEIGEE.

11.1.5 Sutomaled slabc Fesdspaos

This technique employs a device that collects the: wolaliie arganics. from  the
Eadspans over a sampls contaimsd noa sealed vial and infroduces them inlo the GEFID
sysiem, as describsd in Sehod 50ET.

11146 ESobwent injschon

This technique: insobres the syringe injsction of sohvent exracis of agueous
samples prepaned Dy Mefhods 3510, 35310, 3535, or ofer appropnabe fechmgue, or
mmﬂmmn:mmwmm AB40, 3511, 3548, A5 3550, 2880, or ol
appopriate iechmique. | is applicabie o many semivolatie organics, ncuding DRO.
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CAUTION: URrasonic extracion [ Method 3850) may

misd b s a miathaod &5 e

ather exiracton methods for solisolids. This mesars Tt it is orfical that the

method be followed explicitly

iz achieve an exiraction efficency which

approaches that of Scahlet exirachon. Corsull Method 3550 for ndormabion
an the critical aspects of fhis extraction procsdure.

112 Suggesied cheomaingraphic condiions

Establish fhe GC operaing condibions appropriate for fhe GO oolumn being wilzed and
fine tanpet analytes spedfied in the propect plan. Optimize S instnomential condfons for

resolfion of e farget anakytes and

bBadoww for e columns recommended HEEI.'..E.:'!.

operatng conditions are given
labaoratory mary use either Te collmnes

lisfesd i Fhis method or other colrmrs and columns of obfer dimensions, provided at the
laboraiory documents method pericrmance data je.g., chromaiographic resolution, analyte
breakdown, and sensihily) that are appropnate for the ntended applcation.

1121 Column 1

Camier gas (helium) fiow rake:
Temperature program:
Inmal temperature:
Program:
Final iemperaiune:

11.2.2 Column 2

Camier gas (helium)) Sow rake:
Temperaiure program:
infal iemperatune:
Program:
Final iemperature:

11.2.3 Column 3

Camier gas (helium)) Sow rake:
Temperaturs program:
Insal lemperature:
Program:
Final iemperature:

11.2.4 Column 4 (DRO)

&0 mLimin

45 "C, hold for 3 min
45 "C o 20 "C, at 8 “Cimin
220 C, hodd for 15 min.

&0 mlimmin

50 =L, hold for 3 min
B G o 170 ", @t “Simin
170 ~C, hodd for 4 min.

15 milirmin

45 ~C, hold for 4 min
45 “C o Fh0 "C, at 12 “Cimin
220 "C, hold for 3 min.

Camier gas (hedium) Sow rate: 57 milimin
Maksup gas (heliom) flow m@ie: 30 mbimin
Injpscior iemperaiune: 200G
Delecion moeERre: 340 "C
Temperalune program:
infal iemperalure: 45 "L, hold for 3 min
BB - 14 Reyision 2
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11.3

Program: 45 “C o 275 "C, at 12 “Cimin
Final iemperatune: 278 L, haold for 12 min.

11.2.5 Column 4 (GRO)

Camier gas (helium) fow rate: 57 miLimin
Makeup gas (hediom) low raie: 30 mbimin

Injecior iemperariune: 200 L

Deleclor ismpeRLre: a0 -C

Temperatune program:
infal iemperatune: 45 “C, hold for 1 min
1ﬂH.I11|:I-: 45 "C o 100 S af § “Cimin
2nd Farmp 100 “C o 278 ", at 8 “Cimin
Final iemperafure: 2TE ", hold for 5 min.

11.2.6 Column 5§ (riethylamine only)

Camier gas (helium) fow rake: 5 mLimin
Makeup gas (heliom) flow rale: 30 mifmin

Injecior iemperartune: 200
Deleclor ismpeaire: 250
Temperaiure program:
infal iemperature: o~
F'l"l:lg'I'n: 110 "C o 178 i, at 10 “Cimin
Final iemperatune: 178 "L, hodd for 3 min.
Irirmal calibrafmon

11.31  &sf up the sampie inoduction system as oufined in the method of dhoice

j=e=e Sec. 11.1). A separale cabbration is necessary for each sample imroduciion mode
because of e difierences in condiions and equipmend. Establish chromalographic
operating parameters #af provide instrument performanoce appropriate for e intended
applcation. Prepare calbration standands using e procedures describsd above (ses
Lac 79) The edemal standard iechnigue is desoribed belos:. Analysts wishing io use
e infernal standard techmiowe showld refer o Sac. 7.10 and Method S004.

11.32 External standand calibration procedure for single-component analyles

11,321 For each analyte and surmogaie of imlerest, prepare calibration
standards at a manimum of five concentratons. For headsnace analysis,
e standards should be prepansd in mefhanol or ohganio-res reagend waler and
hen spiked imlo the: organic-frse water in #e headspace vial. The spiking
solubions should B i concenfrabions which will diube 8o e desred slandard
concenirations when added inko She omanic-free waler in the headspace vials.
Otheraizes, standands should be made by adding wolumes. of one or mone stock
standards 10 a volumetnic fixsk and dikuting 8o wolumse with an appropriale sobent.
iOna of the standards should be at a conoentration ai or below the lower imi of
guaniitation necessary for the project (based on the: concentration in the Snal
wolume described in the preparation method, with no dilutions).  The
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concentrations of the other standands should cormespond 0 the expecied range of
concentrations found in real samples or should define the worlong range o e
deriector.

11322  Imroduce sxch calirabon siandand wsing e fechmigues Tl
will be used o introduce the aciual samples nto the gas chromatograph. Tabulate
peak height of area responses against the mass injecied. Calculaie the calbrabion
tachor (CF) for esach single-componend analyte as desoribed in Method BOOO.

11.3.3 External stamdard calibration procedure for DRO and GRIO

The calibration of DRG and GRO is markedly dilerent from that for
single-component anatytes. In parbouar, the response used for calbrason needs
o represent the entre area of e ohromatogram within the relentbon time range for

the fuel type (DRO or GRO), including e unresolved complex mibdwre that lies
below the indridual peaks. See Sec. 11.11 for information on cakculating this

11.3.3.1  For each fuel type, prepare cabbraion standards at a minimum
of free different conocenfrabions by adding volumes. of one or more siook standards
o a volumedric fask and diuSng o volume with an appropriate soivent (lor
headspace analysis, follow the instructions in Sec. 11.3.2.1, above) One of e
standards should be al a concentration at or below e Iower limit of quanirabon
necessary for the project (based on the concenirason in the Sinal volume descoribed
in e preparation method, with no divbons).  The conocentratons of the ofher
standards should cormespond fo the expecied mnge of concenfrations found in resal
sampies or should dedine The working range of the detecior.

MOTE: ‘Wwhenever possibie, the calibation should be perfonmsd using the specific
fuel hat is con@aminating the sfe (e.g., a sample of the fuel emanng in
the fank suspected of leaking). Where such samples are not availabie or
reol lorecram, Lese nesoendy puﬂmﬂmmb’mmﬁufuﬂ. ]
quakiatme screening mjection and GC nun may be perdormed o idenity
uniroran fuels.

11.3.3.2  Inroduce sxch calirmabon siandand usng e ftechmigues Tl

will be used b inirocduce §e actual samples imto the o ]
Delermine e area of the resporse as desoribed in 1110, Caloulate the

calibrabion faclor {CF) for each fuel type as shown beloa:

Total Area within Retengion Time
Mass injected (nanograms)

Cabbration Faclor =

11.3.4 Cakbrabon knearsy

The linearty of the calbrabion must be assessed. This applies o both the single-
component analyies. and the fuel types.
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11.3.4.1 i the peroent relative standard deviation (%850 of the
calibrabon factors is less than 20% owver the working range, then linsanty Srough

fhe ongin can be assumed, and the average cabbrabion factor can be wsed in place
iof a calibrafion ourie.

11.3.4.2 Hthe RED & more than 20% over the: working range, nearity
fhrough e ongin cannot be assumed. See Method 8000 for other calibrasion

ot bt may e employsd, which may inckede a bnear calbration ol through
e ongin or a non-lmsar calibeation moded (23, a polymomial eguaSion .

114 Relenbon ime sindows

Single-companent ta IIHEEI-[I-H-HE#:.iHImmmeIﬂd'
retention hme windows. Gﬂg:ﬂtl are dstinguished on the bass of fwe @nges of

retention imes for characlerisac components in each type of fuel.

11.41 Bedore establishing relention tme windows, make sure hat the
chromatographic system is functioning reliably and that $he operating paameters have
been optimeed for the target analyies and sumogaies in She samplke matrnis o be analyzed.

Estabiish e retenson bme windows for single component 1anget anatytes using the
procedurs desonbssd in Medhod 000

1142 The relenbon time range for GRD is defined duning inkal calbration. Two
:pudnguuhucmﬁammudtuuhﬂﬂﬂm‘gu,iﬂﬁmrﬂuﬂtl#
Tmethybsreens. Uss the procedure descrbed in Method S004 1o esiablsh the relienbon
fime windows for these fwo components.  The retenSon ime range is $en calculaled

based on the lower imit of the RT window for the first slubing component and the upper
limit of the AT window for the: last ehuting component.

11.4.3 The relenbion ime range for DRO s defined durng initial calibrabon. The
range s estahlshed from the retention tmes of e C_ and C , akanes. Use fhe

procedurs descrbesd in AMethod B000 to estabiish e eterfion Ime windows for these B
components. The relenbon me range s then caloulated based on the lower bmil of e

RT wandow for the firs? eluang companenl and the upper Iimit of he RT window for the last
eluting component.

1144 | this method is expanded o address other fuel types or petroleun
fractions, $hen the analyst needs fo establish appropriaie referbon time ranges for the
boiling point range of caron number ange used o define each addibonal fue type o
petroleum fracton. Use the procedure desoribed in Method 5000 1o establsh the relenbon
ame wWindows.

11.5 Cabbraticn verticabion

11.5.1 The mitial calbration and retention tmes nesd 10 be venfied at the
beginming of @ach 12-hr work shift, at a minimum. When indhwdual targel analyles are
beng analyzed, venficasion is accomplshed by the analysis of one o more calbrabion
shandards (normally mid-conceniraticn, Bul a conoesniabon at or near the actcn kewvel may
e more approprate ) that contain all of the @rget anahy@es and sumogates. WWhen
petroleum hpdrocarbons ane being anatyzed, vernficalion is aocomplshed by e
measrement of the fuel standard and the hydrocarbon reterbon tme sandard.
#ddbonal analyses of the venfication standard(s] throughout a 12-hr shift are stronghy
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recommended, especialy for samples that contain visible concentrations of oily malenal.
L Method BOOD for moee detailed irdormation on calibration verficasion

11.52 Cakulabe e % differenics @ detailed in Method 85040, If the responss
fior any analyte is within +20% of the responss obtaimed during the initial calioration, then
e imibal calisrabon is considensd shll vabkd, and the analyst may conbinue [ use e mean
iCF or RF values from the inial calbrafion fo quantiale sample resubis. I the resporse
fior any analyte varies from the: predicied response by mone han $20%, oormective acion
st be taken 1o resiore the system or a new calibrafon curye must be prepared for hal

Cominid.

11.5.3 &l fangs? analybes, surrcgabes, andior n-alkanes in the cakbragion

weriication analyses need o fall within previously established reftention tme sndoss. |
e reterfion ime of any analyte dioes nod fall within the established window, then

correcire action must be taken 50 resion T SySiem o a new calibeation ourve must be
prepared for $hatl compound,

11.54 Eaoivent blanks and any method blanks should be run with calibration
weriication analyses io confrm that laboraiory contamination does not cause false posithe
resulis.

1146 Gas chromatogaphic analysis

1161 Samples are analyzed in @ set refered 1o as an analytical sequence. The
seguence begins with calibration verification followed by sample sxirac analyses.
Addtional analyses of the venfication standardis) throughout a 12-hr shift are sirongly
recommended, especialy for samples that contain visible concentrations of oy malenal.
i, wenfication standand = also necessary al the end of a sef [unless inkemal standard
calibration is used]. The seguence ends when the set of samples has been injected or
when retention tme and/or % difference QC criteria are excesded.

H the crilena are excesded, inspect the gas chromalographic system o delemine
e cause and perform whatever mainienance is necessary before recaliorating and
proceeding with sample anatysis. Al sample analyses performed using edernal standard
calibration need %o be bracketed with acceplable data quality analyses [e.g., calibrabon
and retenfion Sme cnteria). Therefore, all samples that fall betaeen e standard $hal
falled to et the acospianos criteria and the preceding standand i mel the acoceplance
cnteria need b be reanalyzed. Samples analyzed using inkemal standard calbration need
riot b bracketed (== Method BOOO).

11.6.2 ESamples are analyzed with e same instrument configuration as is used
during calbration. WWhen using Method 5030 dor sample infroduwction, analysts are
cauiioned That opening a sample vial or drasving an aliquot from a seaksd val [Tws
creagting headspace ) will compromise samples analyzed for voladles. Therefors, i# is
recommended $al analysts prepare bwo abguess for punge-and-trap analysis. The second
aliquot can be stored for 24 hrs io ensure that an uncompromised sample is available for
analysis or diution, if the analysis of the first aliquol is unsucoesshul or if results excesd
fie calibrafion range of S insinoment.  Distllaies from kedhod 5031 mary be split inko o

aliquots and held at 4 " prior b ana It is recommandsd thal the dstillaie be
analyzed within 24 hrs of dstilation. Distilxies should be analyzed within T days of
distilation.
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1163 Eample concentrations are calculated by companng fhe sampls response
wift The response from the infal calibration of the system (see Seo. 11.3) Thensdore, i
e sampibs PESpONSe Exoeeds the limis of S inibal calibabon range, a dikuton of the
sample of sample exfract needs 1o be analyred. For volable organic analyses of agueous
sampies, the dilution needs 1o be perfomesd on a second abguod of the sample which has
been propey sealed and siored prior 1o use and reanalysts. Samples and'or sampie
exdracis should be diloied =o that all peaks are on scale, o= cverapping peaks are nol
always eviderl when peaks are off scale. Compuler reproduction of chromaiograms,
maniEdated o ensune thai all peaks are on scale over a 100-fold range, i accepiable as
long as cabbeation kmits ane not exceeded. Peak heghi measarements ane recomimenced
e peak arsa inbsgration when overlapping peaks cause eors in arsa infegrabion

1164 Tentative idendication of a single-component analyie coow's when a
peak from a sample exiract falls within the: daily retension ime window.  Confirnation may
b necessary on a second column or by GEMS. Snce the fame ionization deiecior is
man-specilic, i is highly recommended that G5 confirmation be periomed on single-

compone=nl analy%es unless histoncal data ars available 1o suppord the I-:I-un'ﬂ:ﬂ.l-:lrﬂl:l.
L Method BOOO for addibonal imdormabon on confirmation.

1165 Sscond-ooblomn confirmation is generally not necessany for petroleum
Fydrocarbon analysis. However, if analyical inferferenoes are indicated, analysis using
fhe second GO oolumn mary be necessary. Also, e analyst needs o ersune that the
sampie hydrocarbons fall within the relention ime range establshed during the inibal
calibrabon.

MOTE: The idenidicabion of fuels, espedally gasoline, is complcaled by their inherent
wolatiity. The earty eluting compounds in fuels are ocheiously the mos! volatile
ard The most ket o fave weathersd unkesss the samples wers laken
immediately following a spil. The most highly volatile fraction of gasoline
constiunes 57% of e iolal peak area of a gasoline chromariogram.  This fraction
is e leaisd likely 1o be present n an emironmental sample or mary be present at
oy very low concenftrabion in relation io the remainder of a gasolne
chromaiogram.

11,66 The performanoes of the entine analytical system showld be checked every 12
s, using data gathered from analyses of blanics, standards, and samples.
peak taling nesds o be corecied. Tailing problems are generally taceable 1o active sies
on the oobummn, oold spois in a GG, the: defector operation, or leaks in the system. See
e 11.8 for GEFID system mamtenancs. Follow manudachrers instnuctions for
marenanos of the introduchon dewios.

11.7 Scresning

11.7.1 This method can be used with a single-point calbration for
samples prior 1o GEMS analyses (eg., Methods B350 and 8270). Such soresning can
reduce SEAS down-ime when highly-contaminated samples ane anakyzed.

11.7.2 Wwhen this method is used for screening, f is recommended that the same
sampie introducion dersios (2§ parge-and-Fap versus drect injection) That s used for the
subsequent GCMAS analyses also be used for the screening analysis. will improse
fhe comelation befween the resulls and make e soreening resuls more useful in
predicing hose samples that may cveroad the GC8S sysiem. However, other sampls
introduciion tecrigues may be employed as well.
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11.7.3 Establish tat the response and chromatographic retention Smes are
stable. Analyze $e high-point callbration standard.

11.7.4 Analyes Sampkss of Samplks exiracis. Compars peak heghits i the sample
chromalograms wit the high-point standard 1o establish thad no compound with the Sames
retention ime as a @ngel analyle exceeds the calibration range of the GEMES system.

CaUTION: The FID is mudh less sensittee fo halogenaied compounds than e MS
delecior. As a result, a simple peak height companson jor such compounds
in e GOMES standand may underestimaie the actual concenfration of
halsgenaled compounds. When using this method as a soreening ool, sudh
an underssimake could lead b GEAES resulls over e calibabion range o
result in contamination of e GEMS sysiem. Theredore, the analyst should
Exernse caulion when screening samphes that also contain halogenated
SO nds.

11.7.5 There are no formal GE requirements applied o soreening analyses
using this method. However, it 15 recommended Sl the high-point standard be run at
ieasi onoe every 12 brs io condirm the stabilty of the insyument response and
chromatographic relention imes. The amalyst should consider fhe costs associaled with
making the wong deosion fom the soreening resulis (e.g., GEMS instument dosn-Sme
and maimienance) and uss appropriale judgment

11.8 Insrument manienare

11.8.1 Injection of sample exiracts from waste sites often leaves a high boiling
rlun:l.runl'rurp:bmpmimmlth:lﬂmmd;ﬂhrp:ﬂ:npnﬂundnfh
chromatographic column.  This residue affects chromatography in many ways (i.e., peak
failing, refenfion Gme shifis, analyte degradasion, eic.) and, therefone, instnoment
maimienance is very important.  Residues buldup in a spliser may imit fios through one leg
and thensdone: change e split Sos. |f this ooours during an analytical nn, e
quaniitative data may be inoomect. Proper cleanup fechniques will minimize the probiem
and irstrument GC will indicale when insinument mainienance is necessary.

1182 Recommended chromatograph mainienance

Comrecive measunes may nesed any one or mane of e jolowing remedial acions.
dlsn see Method BOOD for addiional guidanoe on comecive action for capilary columns

and the injection port.

11.82.1 Sphiter cormetiions — For dual colburmrs which are connedied
using a press-in Y-shaped glass splmer or a ¥-shaped fused-silica connecior,
clean and deacivale the splifer or replace with a cleaned and deactivated spitter.
Ereak off the first fesw inches (up 10 one food) of the: injection port side of the
column. Remove the columns and soivent backfiush acoomrding o e
manufacturer’s instructions. | fese procedunes &l 1o eliminate e degradation
probiem, it may be necessary to deactiate $he metal injecior body and'or replace
e Columnes.

11.82.2 Column rinsing = Rinse e column with several column

wolumes of an appropriate solvent. Baoth polar and nonpolar sobvenis ane
recommendied. Depending on e nature of the sampie residues expeched, the first
rinse might be water, folowed by methanol and acetone; methylens chionde is a
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sabisfactory final rinse and in some cases may be the only soheent nm%
column should then e filled with methylene dhioride and alowed 1o remain

o allow matenals wahin e siafonany phass io migads inko e solvenl.
The column is Then flushed wish fresh methylene dhionde, drained, and dried at

room femperabure with a sinesam of sliapore nitrogen passing through the: column.
118 Calkculabions and dalka hamdiing

Resuls need o be reported in units commensurabe with Twer rfended use and all
dilutions nesed 1o be taken Nk aocount wiven computing final results,

11.90 The concentration of each anakyte in the sample may be determined by caloulating
e amount of standard purged or injecied, from the peak resporse, using the mean CF or RF
from thee initial calibration, or ancther appropriate calibaSon mods (ses Method B0O0).

11.11 'hile both desel fuel and gasolne contain a large number of compounds that wall
produce well-resolved peaks in a GCFID chromatogram, both fusls contain many other
comporents hal ane nol dromalographically resobved.  This urresobved complex mbure
resubs in the Shump® in the chromatogram ad s characteristic of thess fusls. In addiion,
althowgh the resolved peaks are imporant for e identification of the specilic fuel type, the ansa
of the unresolved complex mixiure contriutes a significant portion of the: area of the fotal

PES OIS,

11.11.1 For the analysis of DFO, sum the area of all peais sluting between C._,

and C,. This area is generated by projecting a horizontal baseline beteeen e retention
imes of C,, and C,.

11.11.2 Because the chromalographic conditions employed for DRO analysis can
result in signiicant column bkeed and a resuiting rise in the baseline, it is approprizie o
perform a sublraction of the: column bieed from the area of the DRO deomatogram. In
order 10 aocomplish this sublracion, analyee 2 methybene ohioncde Dlank dunng eadh 120
analytical shift during which sampies are analyzed for DRO. Measure e area of his
chromatogram in the same fashion as is used for samples (sea Sec. 11.11.1), by

projecing a horzonial bassline acmss the retention time range for DRO. Then subiraot
fhis anesa from e area measwred for the sample and use the diference in areas 1o
calodate e 0RO conoeniration, using the equartions in Metihod B004.

11.11.3 For the analysis of GRO, sum e areas of all peaks sluting between 2-

meihydpentane and 1,2 4-timethyibenzene. This area is uvsed o caloulate the SR
concentration, usng e tions in kethod 8000, Cobumn bised subiraction s not

generally necessary for analyss.
11.12 Reler o Method BO00 for the caloulafion formulae.  The formulas cover external

and internal siandard calibrabion, agussus and non-squecus sampkes, and lingar and non-inear
calibrabons.

120 DATA ANALYSIS AND CALCULATIONS

See Een. 119 for information on data analysis and calodation.
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130 METHOD PERFORMANCE

13.1 Perlormance dala and related informasion are provided in SW-B45 methods only as
examples and guidance. The dala do not represent required perfomance critenia for users of
e methods. Insiead, perlommanoes orReria shoukd be devsiomsd on a p!'u_}ni-lp-ﬂdfh’. basis,
ard the |laboratory should establish in-house OF periormance crilena for the application of this
miethod. ﬂmpﬂfﬂrnurtud:hnnutln‘hrﬂrdhhumdmﬂtmlhuumjnmljl:

132 Example mefiod periomance data for non-purgeatils solaties prepaned using the
arectropic microdistllation e from Method 001 aee included in Tabke 1 and 2 for
@queous matrices and in Table 2 for solid mairices. Typical chromalograms are induded in

Figs.4 and 5. Thess data are for guidance punposss only.

13.3 Example method periormance information are in Tabiles 4 and 5 for desel
fuel spiked into soil as are chromatogrames of GRO and DRO standards in Figures 1 1o 3.
These data are for guidance purposes only.

13.4 Table & confains example precision and bias data for the analysis of tnethylamine.
Reagent waler was spiked with inethylamine at 1.0 pgil and analyzed by direct aguecus
injection in a GCFID equipped with an HF Basic Was colemn | 30-m x 0.53-mm 10). These

data are for guidance purposes only.

13,5 Table T conlains example singls-laboratory data on e pressurized fud exdracton
of diesed range organics {DF0) from Siee fypes of sol (=and, loam, and clay]. The soils were
spiked al tao levels of DRO, approximatety 5 mgiog each and approdmasely 2000 mokg.
Eewen replicates of each level and soil types were extracted using pressurzed fuid exiraction
|Method 3545), wsing a mixsune of methylens chionde and acetone (1:1). The daia ane taken
from Riederence B and are for guidance purposes only.  This exraction technigue may be
applcable o other analyte classes, fuel types, or pefroleum fractions (see Sec. 1.2.3).

136 This method was the deteminative tedhmigues used by ane of the three labomRsores
partiopating in the study ol headspace analysis of oxypemated gasoine conlaminaled
mmm: Refer 1o the: mew wersion of Method 5021, which can be found at

g3 poviepgoawerharsasiebeslipdis G 0G i.p fﬂ'lﬂmmﬂ.‘lﬂ‘ﬂ'ﬂl‘ﬂﬂh
-:Ilhm ﬂud'r ‘I'hn-:n:htanprmul:dhg.ldiru:-u LIRSS, Dy

13.7  This method was used in combination with kMethod B021 1o analyze a standard with
several gasoline companents, including MTEBE and 2-mefvyipenane. As can be seen from the
chromatogram in Figune &, the two analyies were resolved quite well joolumn: Resiek 5022
1|:EI'HJIZ|:|53IJI'I'I,3-I:"| I"ll.ll. L= e T IR P R H el '.'I
miare informaticn. Trbu-uhhampmmdh'gldmpummﬂ

140 FOLLUTION PREVENTION

141 Pollution preventon encompasses amy technigue al reduces or eiminaies the
qunwmmmrum:mmndgmmm. Mumerous opporunities for pollution
presention exst in laboratory operabons. The BPA has established a prefesned Rieranchy of
errdirormenial managemsns fedmigues thaf? places polludon preventon as e managemsns
option of first choice. Whenever leasible, laboratory personnel should use poliution prevention
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fechrigues o address Ther wasie generation. When washes cannot be feasibly peduced at e
souroe, e AQency recommends necyoing as the next best option.

142 Forinformation about pollution prevenson that may be applicable 1o laborafories
and research instiutions consull Less (s Beter Lahorstony Chemical for Wase
Reduchan avallable from the Amencan Chemical Society's Depariment of Govemment
Relators and Science Policy, 1155 16th 5E, MUY, Washington, D.C. 20038, hip:ivwse.acs o

150 WASTE MAMNAGEMENT

The Environmental Protection Agency nequires Tal labomion wasle manageme
practices be conducied consstent with all applicable nules and regulations. The Agency unges
laboraiones 1o prolect the air, water, and land by minimizing and consroling all releases. from
hoods and bench operations, complying with the leSer and spint of ary sewer dischange permits
and reguiations, and by complying with all salid and hazardous waste reguiations, parsculary
e haramdows waste identificaSon rules and land dsposal restnctions. For Surlher indcrmabion
on ‘wasie managemment, consult The Washe Managemeant Manoad' for Laboradony Personmed
arvailabbs from the American Chemical Society ot the address listed in Sec. 14.2
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ThEBLE 1

EXAMPLE METHOD PERFORMANCE DATA FOR NON-PURGEABLE VOLATILES N
GROUMD WATER BY AZEQTROSIC MICRODIETILLATION (METHDD 5031)

Lo Mad. High
Concentration® Concentration® Concentration®
Analyio Mcan wWRED Maan SRSD Maan RSO
Roc’ Rec’ Rec®

Pl U 126 7 M A - i ==
Acetondnie 147 ] 105 H b [ L)
arolein 145 12 120 2T 2 20
fcrglonink 177 T 143 28 a4 =1
1-Baranad 127¢ B 1] A g0 9
i-Eu'I}'I alcohol 122 T M A - Mk -
1.4-Dioxane 124 & 1] L] g5 B
Efaral 152 10 Ml - HifL -
El"l:ﬂ acelale 142 T 135 33 93 il
Efrylene ouide 114 [+ 117 = ik es
sobastyl alkoohiol 122 B ar 13 a5 12
E=opropyl alcohal L L=Td 132 ' - Mk -
A¥=thanal 1585 14 94 k| b | T
K=ty ethyl kefonie 105 1 M A - Mk -
Methyl isoturhyd kelone 5 4 NIk - Ni& -
Z-Penanons = a 117 = iR =
1-Propariol [ 1Y - b T g1 T
Fromonmrie 135 B 102 14 g0 14
Egndinge &2 12 Mk = ik es

‘2 pgil spies, using insenal standard calibrabion.

E q00 Bl spikes, using ntEmal standard calibadon

© T30 pl spikes, using intemal standard calibradon

“ Mzan of T replcaies.

* Eroblematc, due 10 trarsient laboratony oomiamiraiion.

A = Data mol available

These data are provided for guidanoe purposes only.
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ThELE 2

EXAMPLE METHOD PERFORMANCE DATA FOR NON-PURGEABLE WOLATILES
IN TCLP LEACHATE BY AZEOTROPIC MICRODISTILLATION (METHOD 5031)

Low Mod. High
Concentraticon® Concentration” Concentration®
Anakyio Mioan WRED hani WRED Kean WRED
Roc? Roct Rec®
Boetone” b= = a1 Hif . ik -
Acetondnie 1ar 17 11 10 95 11
acrolein =8 10 114 24 a7 41
Acrgtoninks 133 13 123 28 103 a8
1-Butanoi 1M1= I a9 12 b B
iI-EU'I}'I alcohol a a1 1Y - ik -
1. 4-Caoxane 103 20 103 16 o2 T
Efaral 12 13 Fif . Hif -
El"lﬂ.ﬂ-l:ﬂﬂu 1654 12 119 24 1ar 41
EI"I:"I-H-I'I-H Ounihche m 12 ik - ik -
sobartyl akcodal 115 & Bb 13 a2 LI ]
isopropyl alcohal 114 g MIA - Y -
Al=thanal 1ar 10 102 L] ik -
Methyl ethyl ketone a7 13 Mig - Mis -
Methyl isciuh kelone 78 13 Wik - MWis -
Z-Pentanors 11 . 1Y - ik -
1<P ool [ L - ‘98 10 b 1| T
Froponirie 100 16 g L1i] 11 b1 T
Fymdineg 45 =" (1,1 — ik -
' 25 pgiL spkes, using infernal standard calibrabion.
“ 100 pgiL spikes, using intemal standard calibrasion.
* 750 pgl spikes, using memal standard calibafSon
U Mzan of T repicales.
* Problematic, dus 1o transient laboratory oortaminartion.
WA = Dwta nol avaiabie
These data are prowided for guidance purpases only.
BOASE - 26 Revision 3
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TaEdE 3

EXAMPLE METHOD FERFORMANGE ODATA FOR NONFLURGEABLE VOLATILE
COMEOUMDS IN SOLID MATRICES BY AFEATROAMC MICRODIETILLATION

(METHOD 5031)
Incinorator Ashi Kaolin
Low Cono.® High Cono.* Low Conc* High Conc."
Moan %ASD Mean %WASD  Meoan WRSD Moan “WRSD
Roc® Rac® Raic* Rimc®
Acrylonfirile 50 53 10 1 02 & 12 52
1-Butanal 105 14 &1 12 1048 5 58 sl
&Butyl alcohol 101 21 &0 13 ar g 55 23
1. 4-Daoxane 1065 14 44 14 105 10 ag 5
Efanol 1m"r 25 =T 20 1048 11 ag L
=37yl acxlale e 14 34 12 50 5 a1 Fasl
Ioprogy| alcohol 1Ma 21 &1 15 104 11 58 &4
Nthanal 55 =3 33 28 11T 1T ar 2
K=ty ethyl ksfone -3 21 4l 12 ‘M 8 ax &0
W=ty i moibarhy a8 11 ar 14 [ 5 L1 3
Loy o
Z:Pentanoims i 13 = 10 L 5 54 1=
Fyndine = =4 =< 20 5 10 458 a1
“ 105 mg'kg spkes, using internal standard cabbration.
¥ 25 mgfig spikes, using internal standard calbration.
“ Nean ol seven repdcases.
These data are provided for guidanos purposes only.
BO1SE < 2T Rewvisiom 3
Febnuany 20007
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TABLE 4

EXAMPLE RESLATE FROM ANALYSIS OF LOW ASROMATIC DIESEL Y GCFID
(5 replicates per test)

Spike Concentration Analysis Results
12.5 ppm MO
Th ppmi Ed 7 ppm
105 ppmi 80 £ 15 pom
150 ppmi 128 + 12 ppm
P00 ppemi G600 + 105 ppm

MID = Mot denected

Sampks wone repared wsing -3 alouots of sandy kam sl spied with
Rr2aAT! amouns of i aromatic ditsel. Low anomatic diesal is sold in
Calfomia. Iwas purchased 1or this Study ot @ gas station in an Diego,
Calfomia. Exraciong waid acoomplished using maihyiens chioride as
@ solvent (Meihod 3550, high concendralion optkn)

These data are provided for guidance purposes only.

TABLE 5

EXAMPLE RESULTS FROM AMALYEZES OF DIESEL BY GCFID
(5 replicates per lest)

Spike Conoentration Analysis Results
25 ppm E1 & G ppm
TE ppen TE £ B ppm
12E ppm B2+ & ppm
150 ppen 16D + 10 ppm

Sampks wons propaned using 10-) algions of sandy bam Sl spked
wilh kncssn amounis of regular 82 Giesed ponchesed ol & gas saton in
Miorthern Winginia. Exdraciions wong acoomplished using maisdans
chionds & sobvan (Meihod 35500

These data are provided for guidance purposes only.

BO15C - 28 Revision 2
Febnuary 2007
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TaBELE &

EXAMPLE TRIETHYLAMINE PERFORMAMCE DATA FOR SPIKED REAGENT WATER
[Analyses by Direcl Aqueows Injectian|

Triethylamine Concentration {pg/L)

SplkeConc. Rep.1 Rep.2 Aep.3 FRep.4 Rep.5 Rep.& Rep.7 Mean
1.00 1.12 1.47 1.14 1.30 1.1 1.18 1.18 1.16=2

Mean Recovery 1178 50 00288 pglL

The esbmaled loser imit of guanaiabon mdemtdi‘mnﬂtﬂ:.lscsdshm:iqmm

wealer spiieed at 1.00 gL, u=ing =xternal sfandand calioeatian, on @ 30-m, 0.83-mm I, HF Basic
vam 5L oolumn. A& -l injection voleme was ussd. Lowser imits of guanditation provided

in SW-B46 are for Mustrative purposes and may not always be achievable. Laboratores
should establish their oram in-house: lower imits of quanatation, if necessary %o dooument

method perfomance.

Dala are faken from Felererce 7.
These daka are prowided I'nrgund:n-ne purpseses only.

BO15CE - 29 Restsian 3
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TABLET

EXAMPLE SINGLE-LABORATORY DATA FOR PRESSURIZED FLUID EXTRACTION (METHOD 3545
{F DIESEL RANGE ORGANICS FROM THREE S0IL MATRICES

RO Conconiration in mglkg
Mairbiand Spiking  Rop.! Rep.? Repd Rop.d Rop.5 Rop. Rop.7 Moan  Moan  %RSD
Laovel Racavary (%)
Low Sand a2 82 4% &1 i LT b4 G4 125 54
Low Loam &5 1] [ I- R g4 95 &4 €3 3¢ a7
Lioww Clay 43 28 AT B b4 15 6 G4 128 218
Hgh Sand 185 1970 230 2Bl Z0 M 2430 2 g 08
High Loam 1m0 15/ 1880 1GT0 1ve0 1950 1990 1Amd a4 47
High Clay 1910 180 1980 RS0 B0 A1) 2040 A28 1z 1494

Liww bevel samples were spiked with approximatety & mgfu of DR,
High level samples were spised vith approsimaiety 2000 mghy of DRG.
Ezven reploaies of each sample were exracted and analyzed by GCFID.

Diata ars taken from Relerence &
These data are prowided for guidance purposes only.

B015C - 30 Resizion 2
February 2007
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FIGURE 2
EXAMPLE CHROMATOGRAM OF A 30 PPM DIESEL STANDARD

AGundance
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FIGURE 3

EXAMPLE CHROMATOGRAM OF A 30 PPM DIESEL STANDARD WITH THE
BASELINE PROJECTED BETWEEN C,, AND C,,

B015C - 33 Revision 3
February 2007
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FIGURE 4

EXAMPLE CHROMATOGRAM OF SEVERAL NONPURGEABLE VOLATILE COMPOUNDS N
EPIKED REAGENT WATER USING AZEOTROPIC MICRODISTILLATION (METHOD 5031)

2 a1 propenc
-tadancd

1 5 haaahoo)

Mx 1: Analytes dstiied at 0.25 mg/L, mtemal standards at 2.5 mgiL
GC Column: JAW DB Wax column with 0.53.mm ID

Temperature peogram: 30 “C for 2 min.
3 "Cdmin. to 100 “C and heid for 0 min.

25 "Cimin. %0 200 “C and heid for 4 min.
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FIGURE 5

EXAMPLE CHROMATOGRAM OF SEVERAL NONPURGEABLE VOLATILE COMPOUNDS N
SPIKED REAGENT WATER USING AZEOTROPIC MICRODISTILLATION (METHOO 5031)

i
.

gryridinoe

-
= -
“
=

Mx 2: Analytes dstiied at 0.25 mg/L, mtemal standards at 2.5 mgiL
GC Coumn:  JAW D&-Wax column with 0 53.mm 10
Temperature program: 30 *C for 2min.

3 "Cimin. 10 100 "C and heid for 0 man.
25 "Cimin. 1o 200 "C and held for 4 min.

B8015C - 35 Revision 3
February 2007
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FIGURE &

EXAMPLE CHROMATOGRAM OF MILTILCOMPONENT MIXTURE
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ANEXO 8

Método de la norma de la Agencia de Proteccion Ambiental (EPA 5021A)
MEETHOD SO214

- e l- -
USING EQUILIBRILB HEADSPACE ANALY SIS

SW-B46 s nol infended o be an anakytical training manual. Therefore, method procsdures:
are wrinen based on the assumption that they will be perioemed by anabysts wha are formalig
frained in al izast the basic principles: of chemical analysis and in the use of e subject

technoiogy.

Iin addfion, SW-B4E methods, with e exception of required methiod use for T2 analysis of
method-defined paramsters, ars intended 1o be guidance methods which contain general
information on how fo periorm an analytical procsdure or fechnique which a laboratory can use
&5 & e starting point for genemtbing s oen detailed standard procedure: {S0F),
either for its oan peneral use or for a speafic project applcation. The rmnance data imcluded
ini this nidrtd“fﬂgmmrp:ﬂﬂﬂﬂr, and are nof inkencded 1o be and must nol be used
&s absolute OC accepiance oferia or for the purpose of laboratory acoreditation.

10 SCOSE AND APPLICATION

Fiease see Appendix b at the end of his doocument for a summary of changes from the:
[ EAIDLS: WEMSHnN.

11 This method desoribes equiibrium-based static headspace preparation of wolatie
organic compounds (VOCs) in solisediment, sobd waste, squesus and waser-miscbie liguid
samples for delemmination by gas dwomatography [GC) or gas chromatography'mass
spectrometry (GLMIE). This method is applicable i a wide range: of organic compounds that
harve suffinendy high volatibty 1o be: eflectieely nemoved from samples using Te desoribed
condiions. ¥Whie the method is designed for use on samples containing low kevels of WOCs ar
aqueous diutions thensof to be analyzed by direct wapor pariioning, a sobvent exirachon and
extract introduction procedure is also described for solid samples comtaining high conceniralons
of WO Cs or for cily maienals $at may not be appropriabe for the: iow kevwel iedmigee. This

ahion method is iInfsncded o be combined with a defermnatve method such as Methods
80156, 8021 or 8260, This pregaration method s appropnaie for e compounds isted below, and
it mavy also be appropriale for ofher YOCs included in the determinative method (=g, Sec. 1.1 of
E2650), providied method performanos is demonsirated 1o be acceptabie for the imended vse of
= daia.

Compounid CAS Mo Response  Stabikty
ADEomiE Gir-Gd=1 WS hs
fdumepl aloohol (THA) Th-BE-o4 nd hs
f-fumegl ety efer (TAEE) 219-54-8 nd nd
fdumryl methad efer (TAME Ead .05l nd h=
Benzere T1-42.2 c hs
Bromochioramethane Td.BT.5 ] hs
Bromodichiommedane TE. T4 c ms
Bromaodorm Th. 2 o hs
Bromomethane T4.B29 c hye
LWy -Bal Undate W BF1A - 1 Reswision &
July 2014
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Compound CAL Mo.s Response  Siabilty

-Buyl alcohol [ 1BA) T5-G5-0 =3 nd
Carbaon letrachicnde 5.5 C e
Chiorobermemns 108 50.F o s
Chiorosthane TE-00-3 o ms
Chiorodorm L7 c | o hs
Chioromethane T4-B7:3 C s
Dibromochioromethane 124-48-1 p nd
1,2-Diwomo-3-chiompropane 95128 o ms
1,2 Dirvmoefane 106-50-4 o hs
Dibroemomethans T4-88.7 p h=
1,2 Dichlorobesnzer: 9550 c hs
1, 3-Dichiorobemers B4 1731 C ms
1, 4-Dichiorobesren: 105-4E-T c ms
Dichicrodducromethans TE-T1-8 o hs
1,1-Dichiorosthane Th24-3 C he
1,2-Dichiorostane ToF-DE-2 n he
1,1<Dichiorosfhens T35 G hws
frans-1,2-Oichlomeshene 155605 c ms
1, 2-Dichloropropans TB-BT-E o hs
Disopropyl ether (DIPE) 108201 C hs
Ethanci B-17-5 e md
Ethylbenzene 100414 C hvs
Ettyl terf-bustyl ether (ETBE) E3T.62.3 C hs
Hexaohiorobulade ne =r-EE-3 C ms
Izopropanil TR el e nd
Methyl sertbutyl ether (MTBE) 1634.04-4 C hs
IIIEI:h!.I'IEEII:I"III:II'I:IE ThDE 2 C he
Haphiaiens 81313 1] ms
Shyrene 100-42-5 C hws
1,1,1,2-Tetrachloroethane B30 206 C he
1,1,2 2 Tetrachicroethane T9.24-5 p md
Terachioroethens 127184 o ms
Toluene 108-88-3 G hs
1,2.4-Trchiombermens 120831 C hs
1,1, 1-Tnchiometane T1-B80 c ms
1,1,2-Trchioroethans T30 p hs
Trichioroethens T C ms
Trichionofuorome thane T5-GEg o Is
1,2, 2-Tnchloropropane 5. 18-4 p Is
Wiyl chioride Th0rl-4 C 15
o Xy 95470 C e
me-X e 108-38-1 o s
p-Xylene 106-42-3 C hws
Gasaline rangs oganics

& Chemical Abstracis Senvice Risgisiry Mumber
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Fsraporten N gl sk S Scrapka bl sk sesgosie axseched m maiis modile sokbon (< S0
[ e L 1 ]

= Fanporss N meli oodisr soldon opeded & g 20N oenmpeed W nseger! waber; Ui of

i x e el i eectrTE TS

Lo ] = Haghly wihar solcble snaiyie. Mefcd sermebsaly sxpecied o be pocsar Tan ko obfsr snekbscs dos o poo
parbian ng intn metpsaey nabn o aapecied e ofesl e sooyplaba mebed perhermare
nE = R bl
3] - Fﬂdﬂ'nm_lﬁr#|hﬂﬁdm|ww‘“nﬁhqqr—h-
Bhabheed STIE Apeeriin A, Tabk & 1 boofrests ardd Pl 47 bzt sckd forsl inlormataes
2y ] = o siebeiby o preceeneS wealen li'rq:h:ﬂ!-ﬂ!dqﬂ.h:n;-'rﬂigmnﬂhm.
fina Ped 5035 Aopande A Table A1 fostnchs and Pal. 47 b aodscnal nformatcn
-] w  Livw iibabalily i pore d el sertgiins [« 14 diys), etk sSouid B paflorsid i s s pomsi S
Wiy b cagraced il eeel prasarad.
Fred = Heghly varsts slabeily S psrd g on e sampis maetree. Longer fokling e may b Eppecpnake, s
Bhabhiod U1 Apcwerscin A, Tabke & 1 boctresde ardd Pl 47 fog sod forsl indcmatees
12  The folioeing compounds may also be analyzed by this procedure or may be wsed
&5 sumogates:
Comgsound CAS Mo o Responsz=  Stabilty
B romanioes nesne 108861 C nd
n-Butybhenzene 104-E1-8 C nd
sar-Buhybenzene 135-58-8 C nd
rert-Butdberzens S8 D66 C nd
2«hiroiciuene 95.45.4 cC nd
A noroioluene 105-42-4 C nd
ois-1 2-Cichicroethens 15550 c hz
1, 3-Dichioropropans 142.28.9 C nd
2, 2<Dichioropropans B0 20T c nd
1,1-Dichioropropens BE3-BA-H o nd
Isopropyibenzene G882 C nd
&:lsopropyitoiuens EE-BTh C nd
NO3-EE=1 C nd
1,2, A Trnchiorobereens BTE1-6 c nd
aa6-Triluceololuene gE.pe-g nd nd
1.2, 4=TnmedTylbenzense 95-E2-6 [ nd
1,3, & Tnmesryibenzene 108-E7-8 C nd

& Chemnical Abstracts Senvice Fegisiry Mumber

1.3 Inonder to produce quantiative data with this technique, ail of the quality control

criteria described in e deteminative method and'or Method 8000 should be met. AHemainety,
fhis methiod may be vhlized as 3 scresning protocol. fused for scresning, semi-quanttatve or
eshmaled sample resuits may be oblained withi minimal calibrabon and qualty confrol, sudh =5 3
reagent biank and 3 singls calibmSon slandard.

Az with any preparatve method for volaties, screening samples prion 10 ow level analysis

may help minimize problems associafed with camyoyer contamination from samples that contain
wery high concentrations of volaties above the calibeation range of the determinatioe method. In
addiion, becalse removing a sample aliquot from a container may compromise the intkegrity of
fhe sample, muliple sample aliguots should be cdllecied o aliow for scresning and re-analysis.

EW-ash Update v BOZA -3 Revision 2
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14  Inomerio accommodate analysis of a wnety of sample matrices and VOCs, a
matrix modier (Sec. 7.7 is generaly recommesnded fo be used with fhis method. The maftroc
modiier & & water soluble sall solfion Faf & added fo each sample and standand wial prior o
amalysis. The mainy modifier solfion acts o inorease the VOCs mass ransier into the
headspace of the vial. The principal benedits of wsing the mairtc modfier are:

1) betier response and reproducibil iy of e YWOOCs St donot otherwise partition efficentty
inta the headspace of the vial from the aqueous phase (identified with 'p' or ‘'ws' in the
respanse collemr in e table in Sec 1.1); and

2} less polential for measurement bias resulting from agueous adivity differences betwesn
standards and sampies.

bMeamrement bias resulls from WOCs parifioning inio: the: wal headspace diferentty in a
sample: tham in e calibration standards. Some polenbal soroes of measurement biss and e

anficipaied effects of the matrt modfier on thess sources of bizs are desoribed belos.
141 Agueous fieid sampies containing high dissoived solute concentrations:

3 higheer solute concenirafions: substantially larger fractions of some WOCs parifion
inio the headspace leading to high bias in the determined concenirabon. The WO:Cs most
prone fo high Dias measursment at higher dssolwed soluie concentrabions are also the
WOCs whose responses are most subsiantially impeoved in the matrio modifier solution
relative io reagent valer jidentidied with 'p’ or “ws’ in e response ocolumn in the tables in
Sec 1.1). The WOCs identfied with ‘o in e response column in the: analyles tabie in Secs.
1.1 and 1.2 re not as subjed o this source of messurement bias. The matnx modidier s
used o nomalize e soube concenirabon betaeen samples and calibrabon sSandands,
memely minimizng this source of bis.

142 Agueous field samples containing water miscible crganic component:

The presence of a water miscible organic componen (e.g., cosavent or surfactant)
may result in low bas measuremen of £ wit high octanol-water parshoning
coefficients (.., C3 and C4 allcybenzenes, inchiormberzenes and naphthalene), whie
recovery of the lighter and more highly waier soluble WOCs i unlisely io be strongly
afiecied uniess the proporion of the water miscibie component in the sample is
high. The matrx modifier helps improve the recoverry of VOCs whose paritioning info the
headspace is mos! svongly affecied by this source of measurement bias.

143 Field samples containing a water immiscible component:

For samples with a separaie waber immiscible phase, partitioning of WOCs inlo the
headspace compedes with the water immiscible phase. While addition of the: matrix modifier
s a trvorable efiedt an partitioning of 'WOCs info the headspace from the aguesous phase,
it may al=a mmmmmhnummmg..mhmaﬂh
crganic matier, aly malenals), polensally exaggerating mainx effects reltne o e
calioration standards. This matric efiect is more pronounced for VOCs with higher
octanol-water paritioning cosffickents when the matri modifier & wsed for e analysis.
Fieoovery of the lighter and mare water soluble WVOCs i expected o be less affeded

For complex samples, more than ane of these types of mairix effects may be relevant, and

3 cofmpromise may have to be made for data quakty of some analyses in order bo obtain reliable
data for e analytes deemed mosi criscal for the: peoject. For simple sample mainoes and WOCs

SW 846 Update v BOZ1A - 4 Revision 2
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nat expecied to subjsct o measrement bias (=g, analysis of ETEX and other akylbenzenss in
suriace waler samples) fhe matnx modifier soluSon may be omisesd.

1.5 This methiod, in conjunction with determinative: Method 8015 (GCFID), may be
used for analysis of the aliphatic ydrocarbon fraction in the: light ends of petrokesm
irpdrocarbons, =g, gasdline. For the aromatic fraction [BTEMX), use this meshod and Rethod
B2 (GCFID). A otal determinatfve analysis of gasoline and other wolatile pefroleun
irpdrocarbon fradions may be obtaned using Method 8021 in seres with kMethod BO15. HMS
defection is desired for These target analyles, Method S350 (Volatie Onganic Chemicals by

GEME| may be used.

146 Measwements of VOCs using this method may be subjesct o bias from several
sources, including differences in pariioning of WOCs bebwesn the agueous phase and
headsmacs in samples relative o standards, differences in headspace volums in samples
relative to standards, and adsorplon of YOCs o suriaces or absorpSon inlo compatible phases
ie. .. soil crganic matier). Measurement bias is monfoed Srough inkernal standard,

I"I:IrTII'I:I'I:lI recovery ‘when appropriate for the peoject and detemminative method. Use of the
[Sec. T.7) wil help minmize measurement bias resuling from difierences in

mrgu:m-nd‘-‘tﬂ:nnnﬂ: relative io standands. Measursmen! bias resuling from
adding solid matenal 1o the: wial, which changes the headspace wolume in the sample relative to

fhe calibration standards, s sapecied 1o be negligible 25 ong as the volume of material s small
relatie o fhe headspaoe wolume. The magnitude of this bias may be reduced by adding a

similar volume of solid onganic-free control material fo calibration standards as the solume of e
ibulk material being tested. Measurement bias neated o sorption of WOCs to solid samples with

fine parfide ste distributions andior signiicant crganic contert may be substangal. The
magnitude of this bias may be reduced by analyzing a smaler amount of matenal or by sokent

extraction | Sec. 11.4)%L

1.7 Pricr to employing this methisd, analysts ane advised o corsult the base methiod for
eachi of procedurs that in the cverall an ie.p., Methods 3500, 3600,
!il:l:lllfll::Fr; B0} for Hdm"?nﬁmm;dwﬂy contral pmnn:lmmituﬂ:mrtdﬂﬁ
acceplance crilena, caloulations, and general guidanos. Analysis also should corsull the
disdaimer stafement at the: front of e manual and the information in Chapler Twa for puidance
on the imended fiewbility in the choice of methods, apparatus, materals, reagents, and supplies,
ard on the responsibilties of the analyst for demonsirating thal the technigues employesd ane
appropriate for the analytes of imerest, in the: matrix of inderest, and at the levels of concern.

In addition, analysts and data users are advised at, except where explicitly specified in a

reguiation, the use of SW-846 methods is nal mandatory in responss o Federal
requirements. The information contained in this method is prosded by BPA, as guidance o be

used by the analyst and the regulaied com in making judgments necessary 1o generale
resuls. that meet the data qualily objectves (DODs) for the imended application.

1.8 This method is restricied 1o use by, or under supersision of, appropriatety

experienced and trained analysss for wolatle organic analysis in general and speciicaly the use
of equilibrium headspace devices interiaced fo e delerminative method selected by the analyst

Each analyst mus! demonsirate the ability fo generate aoceptabile resulls with this method,

20 SUMMARY OF METHOD
2.1 Eampile colleciion and headspaoe wial preparatian

Swi-846 Update W SOZ1A, - & Revision 2
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211 ‘Waler samples = & 40-ml volatile organic analybe (VO vial is Siled o
capacity and capped 50 no headspace nemairs in the vial. The water sample may be
preseried af T time of sampling by addition of a chemical presensatie (e.g., pdrochione
acid solution, solid sodium bisuliate or solid Fisodium phospiate) bo e val. At the
laboratory, that wial is sub-sampied info a headspace vial, and inbernal standards and
surmgates are added, if used. The matric solubion [Sec. 7.7} should be added to
the headspace vial dunng subsampling § used for the analysis.

212  Low concentrasion soil samples - Approaimately 2 g of sai s collected
with an approprialety sized coring fool and placed in a pre-weighed orimp ssal or screw op
glass headspacs vial and wen Tie val is ssaled. Depending on the analytes of imlerest, the
=0il sample mary be presensed by addition of a pH modiying chemical pressrvative (2.0,
sodium bisufate, tisodium phosphale) prior bo sealing the sample vial, and the matrix
maodifying sokuson {Sec. 7.7) should also be added prior to capping the: wial if used for the
analysis. Sec. 8.3.3 also desoribes Hhe use of a sealable conng devios s an abemnative
sampling technique, which may simpify collection and handing of soils in the field.

Eurmogaies and intermal stiandards may be added o the wals during sampling or at the:
laboratory. If She matrix modidying solution is esed for the analysis and 'was not adided to
sample vials in the field, it should be added when surogaies and miemal standards

are added at the laboratory. Adding the malrix salution or reagent waler o a vial
afier adding e sampie cause loss of gas phase VOCs from the container dus o
displacernent of a portion 'I:I'u:'l.ll.ihul:hpﬂ:-l: Adding the matrtc modifying solution (Sec

¥.7) ba e vial prior fo adding the sampie and sealing quickly wil help o imit loss of WOCs
from the sample container and maintan sample represerfaiveness.

MOTE: The choice of chemical preservadve|s) will depend on fhe WOGs at will be
measured in the samples and o some extent on e sampke matric. The matrix
modifying sokfion acts as a chemical preservative, but it does: not otherwise aker
fhe sample pH and may not prolect against degradation of some classes of VOCs,
inchuding hydrotysis of ethers or dehydrohalogenation of chionnabed aliphatics
{Sec. 4.7]. Sodivm bisulaie has also been denafied as napprogriale for wse 25 a
preserdative jor calcareous sois, whidh may off-gas C0s when exposed o acid
due io.chemical reaction with any carbonabe salts, which mary cause ioss of WiGs
firomi e container or build up pressure once the container is sealed, polentialy

leading %o rupture.

213  High concenfration sois or pther solid materials = A representative poriion
o sodl is collected with an appropriately sized coring foal and placed in a pre-seighed glass
Wi vial, and Shen the vial is sealed. The soll sampie may be pressrved by addibion of
exiraction solvent (2.3, mefhanol) al the time of sampling or upon receipt by the labomatory.
i1 he laboratory, Se methanol extract is Shen diluted s the mainx wsed for the
calibration standands jorganic-free neagent water or the matnxa modifying solution) and
analyzed as an agueous sample. Sec. 8.3.3 also describes the use of an air-Sght sealable
coring device as an akemative sample oolliecion bechnigue that may be ussful, and Seo.
&6 of SiV-B4E method BOASA provides additional information pertaining o methanol
etrachion of soils.

HOTE: Surogaie compounds may either be spilked info the solvent 2t the time of
eptracion o inlo reagent water conlaining an abguot of the exirad priar &a
analysis. Since the surrogaie recovery data from thess two options provides
assurances of sither exdraction or anahyfical eficencies, the decision as ba
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when the surogales are added depends on what quesSions need 1o be
answered for a given sample matrix and the inlended wuse=s of SHhe data.

22  Forsol ssmples, additional alguots) are collecied in WOWh vals for dry weight
defermanabion.

231  Inthe labomtory, Te vials are rotaied 1o aliow for diffusion of internal standards and
surmgates throughout She matnx. The vials are placed in e aulosampier canoused of the
headsmace analyzer and maintainsd J moom iemperature. Approdmatsly 1 hr prior fo analysis,
e mdradual wials are moved 1o a heated one and mechanscaly agiated whilks fhe elevatsd
femperaire is maintained, alowing the YOCs o equilirabe between the headspace, Bquid and
anty soiid phases in the vial.

2.4 The awfcsampier then pressurizes the vial with helium and foroes: a portion of the
headspacs gas mixiune inks e gas chromalograph through a heafied tramsfer ne, efdher
passing through the GC inled or directly connected to fhe analytical column via an inert, low dead
wolume conneclor.

25 Determinatve analysis is perfomed wsing the appropriate GO or GEMWE method.
dirry chemical pressrvatfe and mainx modiier added o e held samples should also be added
fio the calhration standards and other OF samples.

30 DEFMITIONS

Refer o Chapter One and the manufacturer’s instructions for definfions that may be
relevant 1o this procedure.

40 INTERFEREMCES

41  Solvenis, reagenis, glasseane, and other sample processing hardware may yield
artifacts and'or inlerderences 1o sample analysis. All of these malenals must be demonsirated 1o
b= free from inlerderences under the condfions of the analysis by anakyzing method bilanks.
Epecific selecion of reagenss and purification of sobeents: by distibSon mary be necessary. Reder
fo each method to be ussd for speciic guidance an guality contral procedures and % Chapler

Four for peneral guidanoe on the: cleaning of glasseare. Also refer fo the determinative meshods
hhcundhrliﬁnmmn regarding polential merferences.

432  ‘olatike organic analyses are subjedt 1o major inlerference probiems: becavse of the
prevalence of volatile organics in a laboraiory. See Method 5000 for common probilerms and
precaulions fo be follovweed.

43  Sampéss can be contaminated by difusion of wolbale organics (particularty
methylens chionde and Sucrocarbons) fouegh e sepfum s=al of the sampls wval during
shipment and siorage. i trip blank, prepanesd from an appropriabe organic-fres matnx and sample
container and camied Srowgh sampling and fanding prolocols, serves as a oheck on such
Cconbamination

44  The sampie matrix iis=f can cause severe intedferences by one of several
[FoCEssEs O @ combination of these processes. Thess inchude, but are nof escessanly imied o,
fhe absorphion potential of the sail, the biolgical actity of the: sod, and the achsal composition of
the soil. Sois high in organic matier or oily material and oganic siudge wasies inhibil the
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partitioning of the voladle fanget analytes imlo the headspace. Theredore, analyle recovery by
direct wapor paritioning may be low and will depend on e properties of $he paficular chemical.

This matrix eflect can be diicult. f not impossible, fo overcome. It is recommended hat
surmogates: or additional dewterated compounds | for GEMS methods) be added to a matrix and
analyzed 1o determine the peroent recovery of these compounds. The calculaled peroent
recovery can gie some indication of he degres of the mairix effect, bui not necessanly conmeot
for il. ARernatively, the use of the high-concentration procedure in this method should minimize
e problem wathi oily waste and other organic shudge wasies.

45 Contamnation by carryover can oocur wheneser high concenbration and low
concentration samples are analyzed sequensally. Where practical, sampies with unusualy high
concentrations of analkytes should be folowed by an analysis of one or more method blanis or
instrument blanics o check for cross-contamanabon. if the trpet compounds present in an
urusually concentraled sampie are also found o be present in subsequent samples, the analyst
must demonsyale Tt the compounds are not affecied by camyower contaminaton.
ﬁuﬂ'ﬁ'ﬂi&?‘,fﬂm target compounds are ool presend in e subsequent sample, Ten the
analyss of a biank 15 not necessary.

46  The laboralory where volaties analysis is performed should be free of any sokents
fhat may imterfere with the analysis. Speoal precauSions musl be laken when analyzing for
methyene chionde. The analyscal and sampie siorage areas should be solaied from al
amosphenc socwrces of methylene chionde. Otherasse, random background levels can result.
Since mettvlene chionde can permeeate through n:llrlrh'lﬂ.nrnezytnc (PFTFE} tubing. all GC
carmer gas ines and purges gas plumibing showld be constnected of skaink=ss sieel or copper
ubing. Laboratory workers' cioding previously expased o methylense chionde fumes during
common kquid/igued extraction procedures can confribule to sample contamination. The
presence of other organic sokents in the aboratory where volatile organics are analyzed can
al=o k=ad 1o andom background levels, and the same precautions mus! be @ken

4.7  Ethemns in aodic samples (Le., samples with a pH < T) will frydrotyze at the higher
femperatures used in fhis method. As such, basic pressrvatives should be used § e taged
analyles are efhers or he alcohols Tt those ethers would form # hydrotyzed. Strong bases may
catalyzre subsifution and elimination reaciions that can coour if halogenated compounds ane
present. Halogenated abphasc VOCs are parhculary suscephbie fo dehypdrohalogenation
reachans in neutral 1o basic conditiones at slevaled Empsrature such s withi 3 healed sampes
preparabon procedure as s desonbed hens. Scoondingly, ackic preseraalives may De necsssary

fio prevent defvydrohalogenation i halogenaled aliphahic VOCs ane analytes of imerest or their
presencs i suspecisd and their ransiomaton products are of inberest. Acefones has also been

obrserved 1o form in high organic content soils preserved with sodium bisuifate (Sec. A8 in e
Appendo of method 50054 provides more infommasion). The chermical reactrty introduced by
fhe presersaave should be monioned by analyzing a matnx spike of a field sample with each

batch. The spiking solution should contain all analyies which the dient imiends 10 mondor.

50 SAFETY

This= method does not address all safety issues assooabed wih s use. The laboratory is
responsbie for mamtaining a safe work environment and a cumeni awareness file of OSHA
reguiations regarding the safe handling of the chemicals included in this meshod. A reference file

of maienal safety data sheets (M505s) should be available to all personnal involeed in these
aANA R,
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G0 EOLFMENT AND SUPPLIES

The menfon of frade: names or commerocal procucts nths merual = for ilesira@ee
purposes only, and does nol consSute an BPA endorsement or exndusive recommendation for
use. The producis and instrument setiings ciled in 5845 methods represent those products
and semings used during method development or subssquentty evalualed by the Agency.
Glassware, reagents, supples, eguipment, and ==Rngs oiher than those: ksted in Bs manual
may be employed provided that meshod performance appropriate for the inlended applcation
s ben demonsirated and dooumeniesd.

This section does not ist all commaon aboratony glassware (e.g., beakers and flasks) that
might e umesd.

&1 Headspace containers - Clear glass, #2-mL vials equipped with PTFEdined sepla
#al are compatble with the analytical system. Vials of other sizes may be employed, provided
il they can be hermetically sealsd and eguipped with surlable s=pla. Ideally, e wals and
:.Thﬂh:l.ldrnwll.rrfn'mhr:'-ﬂ;m. The sepia should be unpunciuned, as pierong the
PTFE face may aliow targe! analytes to diffuse inlo and adsorb 1o the: slicone backing manerial.
Mew, disposable wials may be used withiow? prefreatment provaded are demomnsraled o e
ciean through method blank analysis. Sione e vals in an area free of organic sohwernes. B vials
are suspecied of being a sounce of contamination, first wash the vials in a defergent solution,
fhen thonoughly rinse with tap water iolowed by distled water, and finally dry the: vials in an oven
at P08 “C for 1 howr. Alow wialks o cool pnor o use.

A2  Headspace sysiem - The operating condiions listed in S=c. 11.0 are those selected
for the equipment usad in developing this method. See Reference #1 in Sec. 16 for more detail.
iOther equipment and condiions may be employed, provided thad e aboratory demonsirates
performance for the analytes of mierest using the deferminative methad appropnate for the
intended applcation. The system used must meet the folowing spectications:

G521  The sysiem must be capable of holding samples at elevated femperaiunes
and estabiishing a reprodudble equiibnum between a wide vanety of sample fypes and the
e adspane.

622  The sysiemn musi be capable of aocuraiety ransfering a epresentatie
portion of the headspace into a gas chromalograph fifed with a capilary colomn without

adversaly affecting the chromatograpiy or the detector,
63  Field sampling equipment

531  ‘WWaler samples - Clear or amber 40 mL volatile oganic anatysis (WO
wials with screw-cap PTFE ined wals.

632 Sol samples

6.32.1 A sol sampler which delivers at least 2 g of soil is necessary,
e.g., Purge and Trap Soi Sampler Model 37805PT {Associaled Design and
kanufacturing Company, 814 North Herry Streed, Alexandnia, Vi 2Z2314), or
equralent.

53122 An aulomabc synnge or boitle 1op dispenser calbraled o
delpazr @ 100 mL lgued wobarme.
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§323 Cnmping tool for headspace vials - H using sorew-lop vials, this
iz nob nesecked.

B.324 WO wials (22, 40 or &0 mL) with FTFE taced septa and

crimg-seal caps of sorew-top caps.  These wals will be used for sample screening,
high concentration anatysis (f needed ) and dry weighi defemmination.

5326 Sealable, air:lighl corng desvice = & soil coring devios with an
internal wolume appropriate for approcimately 2 g of sample for direct vapor
partitioning analyss, or other size Hmmﬁr@bﬂuﬂmi}m, equipped
Wit an o-ring s=al or equivalent air-light s=akng mechamism, construcied of
malerials that will not absorb or react with the tanget chemicals: of imerest and with a
cross-sechonal diameier appropriate for 3 VO wal compatiole with e headspace
analyzer or for use with methanol exiraction.

54  Msoslanecus equpment

4.1  For the preparabon of blanks, standards and waler samples, 1 is
neoessary o hae the crimping Sool addressed in 6323 avaiabie in the aborasory.

5432  Graduated microsyringes for standard preparation and for addibion of
intermal standand and surmogate suking solubions.

6431 S.migass hypodemic syringes with Luer-Lok™ ap jother sizes are
acceplable depending on =ample volume wsed).

7.0 REAGENTS AND STANDARDS

A Reageni-grade chemicals must be used in all bests. Unbess ofensse indcated, it is
intended that all reagents confom fo the speofications of the Commitiee on Analytcal Reagenis
of e fmencan Chemical Socety, where such speciications are avaiable. Ofher grades may be
used, provided it is first ascertained thal the reagent i of suSicientty high purty o permil s use
withoul kessening the acouracy of the determination. Reagents should be siored in glass fo
prexent the keaching of comtaminants from plastic containers.

72  UOrganic-free reagent waler - Reagent water must be inferference free. Al
referenoes o waler in this method refer io organic-free reagent water, uniess piherwise
specied.

7.1 Methanol - Pestiode guality or equivalent. Store awary from ofher sobents.

Purchase in small quant®es (1 Liter size or less) o minimize shedf Ife 90 reduce potential for
Ot Ao

T4  Seethe determinative mefhod and Method 5000 for guidance on the preparabon of
siock standands and a secondary standard for nfemal standards, cabbration standands, and

SUrTDGanes.

741  Calbraton spking solutions - Prepare fie or more spiking solutions in
methancl or waler $haf contan all the langel analyies. The concentrations of the calioration
solutions should be such that She addition of 1.0 pl of each o the headspaos vialks will

brackst the analyacal range of the detecior. Alternatrely, calibrabon standards may be
prepared by adding dferent wolumes of one or more stock sokfons provided that e

LAl Undate BOZF1A - 10 Revision
July 2014

114



lineanty of the calibration is not afiecied by fhe methanol conlent. For analysis of metifanal
exiracts, it may be appropnate o calibrate surmogates at mubple conoentrabion levels as
wel o dsmonsirale calbration inearsy af e surmogate kevel measursd n diluied exiracts.

742  Inermal and surmogate standanis = Folow the recommendasions of the
delerminative method for the selechon of internal and surmogale standands. Seiection and
use of surmogates. with pivgsical propertes similar o e ol asses of t analyies thal ans
of interest for the project wil nmﬂtnmnﬂr]#ﬂnmt-&pﬂ:}-u?:pﬂity ASErance
information. & concertration of A0 mgiL in methanol for both infemal and sumogabe
standards may be used for spiking each sample. The concentration may varny depending on
the relative sensitrafy of the detecion used inthe deleminative method. H determinabion is
by 5L, external standand calibration may be prefemed and the internal standard omitted.

7.5  Blank preparmfon = Transter 10.0 mL of matric modifying solution [Sec. 7.7) or
reagend waler io a sample vial. Inject the necessary amounits of indernal standards and surogate
compounds under The surface of the water in the headspace vial, and seal the wal. Flace in the
arosamplsr and analyze in e SIme manner as an unknosn sample. Ay chemical
presersative andior matrx modifier added to $he field samples must akso be incuded in e

Hlankis).

74  Freparation of calibraion standards - Prepare calioration standands in the same
manner a5 bianks |(Sec. 7.5}, adding e standard spiling solution{s) prepaned in Sec. 741 in
fhe same manner that imemal standards and swmogales are added. &ny chemical presersative
andior mafrix modifier added o the Seld samples showld also be nduded n the calibrabon
stanidards.

7.7 Preparation of matnix-modifying solubon - &dd 180 g of ACESgrade sodium chionde
{HaCl) fo 500 mi of reagent water.  Mix veel unbll all components are dissolved. Ofher water
soluble salts may be appropriate. The matric modifier soiution should not affect the pH of the
samgie o the exten thal preservation or analyte stabilty i compromised. Analyze a 10.0-mL
portion from each balch acoording 1o Seo. 7.5 fo verfy that the solution s free of contaminants.
Esore the prepared matix:modifying solution in a sealed bottle in an area free of organic
chemicals at <5 =C.

CAUTINY:  The mafrix modifying solution may not be appropriate for analyss of some YOCs in
soil samples: havang high organic matter conten.

74  Preparation of chemnical presersative for low level (vapor pariSoning analysis - The
presersatve should be chosen based on e mi}'l:ﬂ.l:fl‘l:!l‘eﬂlnd should b= mmed with S

sampie at The time of samping.

781  Habasic preservatiee is chosen, 100 mg of ACE-grade frisodum
phosphale dodecahydrate | TSP; MayS 00,1340 should be added 1o efther a 22-mil
M=adspace wal or a 40-mL water sample wal o rase the pH aboyve 100

742  Fanacioic preseraative is ohosen, 2-3 drops of G hydrochlons aod (HC1)
should be added 1o @ 40:mL water sampie vial. The HE solution should be prepared by
fhe 1:1 diution of ACS-grade concentrated HE). For acd pressrvation of a soil sample, 19
of solid, &CS-grade sodium bisufate |MaH50, ) should be added fo each 22-mlL vial.

AT i sampiles: containing MTEE, TAME, ETBE or other fusl ethers have been

aod pressrved with either sodum bsufate or kydrochione acid, Tese
sampies must be adusied o pH =10 with Tsodum phosphate
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dodecahydrate (TSP (Sec. T.8.1) prior fo initiation of the headspace
analysis.

B0 SAMPLE COLLECTION, PREEERVATION, AMND STORASE

Sample collsction, pressmvation and siorage requinsments may wary by EPA program and
may be specifisd ina reguialion or project planning docwment that rsquires complance
maniforing for @ given contaminant. Whare such reguirements are specified in the regulation,
follow thise requirements. In Te abs=noe of specific regquiaiony requirements, use the follosing
informalion as guidance in determining an appropriate plan for sample collecion, presenation

and siorage prior tn sample collection and analysis.

8.1 Referto Chapter Four and Meshod 50384 or general sample colection indommation
&l samples should be siored in capped wials at <& =C in an area free of solvent fumes if any
eidence of ieakage is found, the sample can be considered comupied and should be descardedl

Fre-testing of a representative soil of aqueous sample, pror io colleciion, with aod or
bisuliale may show effervescence i carbonaceous matenals are present.  bubbling ocowrs
during chemical preservation, an increased polential for loss of wolatie consttuents edsis and
samples should therefore be colieched withow? presersing with acid or bisulate.

82  WWaler samples - Fill the 40-mL vial and, acoording 1o the analyie kst to be analyzed,
chemicaly preserve e sample (Sec. 7.8) a5 neoessary. Ensuwe that fhere is no headspace in
e wial and seal 7. A7 least tao vals should be colecied per sample and more may De NeDsss ary
for duplicate and MS'MSD analyses, £ desired. Transder of the sample inlo a headspace vial and
fhe addition of the mairix modifier and standards should be periormed as fhe aboratory.

in general, kguid sampies should be poured ino the vial withoul Ifroducing any air bubbles
ints the samiple as the vial is being filed. Should bubbling ooour as a result of wiokesnd pouring, the

sample should be powred out and the vial refillsd. The vials should be compleiety filed ai the
ime of sarmpling, 5o that when the seplum cap is fited and sealed, and the vial imeerted, ma
headspace is visible. The sample should be hemmetcaly s=alsd in e val at the ime of
sampling, and not opened prior io analysis fo preseree its megrity.

Due o oiffering solubility and diffusion properties of gases in lguid matrices at different
iemperatures, i is possible for the sampile fo generate some headspace during siorage.  This
hesdspaoe will appear in e fomm of micro bubbles and should mof rrealidate a sample for
wniaties analysis. The dameter of amy bubble caused by degassing upon cooling the: sample
should not exceed & < § mm. When a bubble is present, also nspect the cap and septum bo
ersure that a proper seal was made at the ime of sampling. The presence of a macno bubble in
a sampie vial generaly indicales either improper sampling technigue or a sounce of gas evwosSon
wihin the sample. The laSer case is usualy accompanied by a buildup of pressure within the: vial,
ﬂ.ﬂsl:ah:nmmg sampkes presersed with acid). Studies conducied by The USEPA
(EMS5L-Ch, unpublished data) indicate that “pea-sized™ bubbies jie., bubbles nol exceeding 14
inch or & mm in diameler | did nol adversely afiect wolaties data. These bubbles wens generaly
enoourtened inowastewaier sampies, which are more suscepabie to vanations ingas solubiity

fan ane groundwaler samples.

831  Soi sampies - Theee allemative procsdures ans presented befow for coliection of
soil samples in headspace sample wials. Sec. AT in the appendic of mefhod S03684 desoribes
somes addRional aliematvses thal may also be appropriaie. The choice bebween these
alternatives should be based on knowledge of the fizid conditions, the organic carban content of
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fhe soil, e specific voladle analytes and conceniration levels of interest, and the inliended wse of
fhe analybical resuls. For iow level analysis by direct vapor pariftioning, 3 or 4 replicale samples
should be: collected from each sampling point fo alow for reanalysis, while duplicate samples
rmay be suficient for high ievel analysis because the solvent exdract can be diuted and
reanalyzed. ddditional sample replicabes: should also be collecied for duplicate and MSASD
aralyses, a5 wel as s=parate portions for dry weight determination.  samples will be analyzed
bry thee low level method but have the potential i contain high levels of WOCs, samples may be
collected for both low level and high level analysis. This is due o the oifficulty of diuting samples
prepared for low level analysis onoe fhey are seaksd in e vals.

831  Sampling dirsctly info prepared headspace vials for low ievel analysis:

Lol may be sampied by addfion fo a prepared vial That contains 1000 miL of matnx
maodifier or reagent water, plus any necessary pH afering chemical presenvatsve. The
preservative and matrio modifier or water ane added 1o the wial prior o sampling in order 1o
presenl displacing a portion of the headspace from the wal, along with any associaled
WiOCs . The mair modifying solution has the additional benefts of reducing the

bindegradation potertial of the sample matric and increasing partfioning of the VWOCs imo
fhe vial headspace from waler. Problems refated o contamination of e aquenus soluon
in a fieid samping siuation and inoomed measrement and transfer info Hie sampes vials
can be minimized by adding it to the vais at the laboratory and seaking them prior o
sending them fio e field. Samples should be cbiained and ransfered o a vial rapidly afier

SHTEIng (=10 seconds | io minimize volslzation losses. inorder o estmate e samplke
mass added, the wial, cap and any added solrbons shouwld be tared and e masses

recorded prior fo and afier adding a soil sampls io the vial. if $he vials were not prepaeed in
fhe labomiory prior o sampling, the analyzng laboralory must be: made asane of the
idengties and amounts of any reagents added bo esch wial in e fiedd.

8311  Use siandard glass headspaoes vials with BTFE taced septa.

8.31.2 Using the sol sampler (Sec. 532 1), add 2-3 am
|appro}imassly 2 q) of the =oi sampie 1o a ared headspace vial oontaining 10.0 mL

of mainx modifier or reagent waier and any pH modifying chemical preserative
used. The samples should be nfroduced inio the vials gently to reduce: agitabon

which might drive: off volatile compounds. Seal immedately s the FTFE side of
fhe s=pium facing ioward the sample.

8332  Sampling dirsctly into empty or prepared headspaoe viaks for high level
anakyws:

i high concentrations of W<Cs are expecied (greater than 200 gk, oollecion of

fhe sample in an emply headspaces vial or a vial containing methanal i appropriate for use
with the high concenfrabon proosdure descnbed in Sec. 114,

8.321  Usestandard 22-mi cimp-cap of sorevwsiop plass
wials with PTFE faced septa jother vials may be used, as described in Sec. 6.1).

8322 Using the sol sampler (Sec. 532 1), add 2-3 am
dappr-u.muﬂgi-g]dﬂ‘r:mlu‘mb:h: vial and seal mmed
with the FTFE side of the septum facing ioeard the sample. The samples should be
oivtaimed and transderned 10 a vial rapidy after sampling (<10 seconds) io minimize

wolatiizarhon losses, and they should be nfroduced imo the wials gently 1o reduce
agfation which might drive off wolatie compounds. E methanol i added 1o the vial
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prior ba The sample, the wal, cap and methanol should be @red and the masses
recorded prior o and afier adding a w0l sampile 1o the vial. The recorded mass
should be checked by the analyzing laboratory 1o verify that solent was not lost

during shipping andior storage.

8313 Eamping with a sealable, airtight coring device for low ar high leved
analys=s:

For oohesiee s0ils, soil samples can be aken in approprately sized artight
sealable coring devices for refngeration and shipping to the laboratory, where the samples

are further presersed or iImmediately prepared for analysis.

8331 insert a clean corng device into a fresh surface for sample
colection and enswre that no ar is rapped betvween the: conng tool and the
sample. The volume of material colecied showld not cause excessre siress on
fhe coring 1ool dunng ininusion inlo the: material. Just before capping, a visual
inspection of the: lip and threads of the sample vessel showld be: made and any
foreign detris should be wiped cizan, aliowing an aifight s=al to fom.

8332  Upon lboraiory receipt, the sol plug in sach sealable coring
device is extnuded into individual tared headspace: VOA vials containing the

appropriaie solution (efher mairte modfier or reagent water for low level anakysis,
with pH modifying presersative as appropriate, or methanol for fegh levsel

analysis]. The oonng device must fff into S mouth of fe headspaoe wial or other
Wik viad im0 wihich the: sampie s extnuded, or iosses of WCs vl resull. in onder
o esamate the sampks maEss added, e vial, cap and any added solubons should
b= fared and the mass reconded pnor o I‘I-di't!l‘ll:l-l:i"lgl!ﬂl sampie 1o the vial.

84  Fizld blanks showld be prepared, reganrdiess of which allematiee s employed for sail
sample colection. if the matris modifying salution is nol added in the field, then the fizld blank]s)
should be prepared by adding any resgents used in the field (2., 10.0 mL of crganic-free
reagent waler, methanol, or matrix modiéying solulion, plus any other chemical preserabves) io
a clean vial and immediately sealing e vial.

a5 Eample shorage

851  ESampies should be siored at <6 *C untl analysis in order fo lim#t difusion
of the analytes out of the water, reduce the abilty of the anaiyies to react with the glass
wals of the: sampling container and further hinder sampie biodegradation. 'Waler samples
in WA, vials with no headspace should not be frozen, bul subsamples addsd o prepared
headspace vials mary be frozen, provided the integrity of e contamer seal is maintained.

Freezing of soil samples is also appropriale prowided the siorage tempesature s not iower
fhan the minimum ure recommended by e manufacturer for maintaining integrisy
of The container s=al. Freezing in this femperature Nge may be used fo extend e holding
fime= of soils in sealed ar-Sght coring devices: and in sealed headspace vials with neagent
wialer, even if mo ofther chemical presersalive s addedl Ses Table A1 in the Appendir of

method B0ASA, for more details.  The sampie siomge area should be free of organic
sohwent Vapors.

B52 Al samples should be analyred witin 14 days of collscion or sooner if

labil= compounds are target analyles. See the cautionary notes in Table 4-1 of Crapler
Four, Method 8035, Appendix &, Table &1, and the kst of analyies in Sec. 1.1 of this

method perfaming o cerfan compound clxsses and applicable pressnarton opbons fhat
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may affect argel analyte stabikty and analyscal holding imes. Sampies. not analyzed within
fhis penod should be idenitfisd fo Se dala user and the resulls considered minimum vakses
uniess it can be demonsiated that the reported WOC concentrations are not adverssly
afieched by preservation, siorage and analyses perfommesd outside the recommenided
haiding bmes.

20 GUALITY CONTROL

91  Refer o Chapter One for guidance on qualkty assurance (34 and quality control
(G1C) protocols. It should be noled that several methods (9., Method BOOOD) also contain general
GC crteria and guidanoe Tt pertain o the individual methods referenced theresin je.g., Methods
8081, BOEZ, E250 and BZT0). Indhidual methods mary also contain GC oriteria specific only 1o
et method. The GC orilena in the peneal methods ke precedenoe over dhapier GG criberta.
Kethod-specific OC oriiena ke precedence over general method OC orilena

vy efiort imeolving the colection of analySical data should inciude development of a
siruciured and systematic planning dooument, such as a Guakty Assuranoe Project Plan [3APP)
or a Sampling and Analysis Flan |(5&F), which trarslales project objecives and speofications
into directions for Shose Shat wil mplement the project and assess the resulis. Eadh
should maintain a formal quality assurance program. The laboratory should also maintain

reconds ko document e qualty of the data generaled. Al data sheets and quality conirol data
should be: mainkained for nederence or imspection.

92  inbal Demorsiration of Proficency (108

Each laboratory must demonsirate infial proficiency with each sample preparafion and
detemminative method combination i utizes by generating data of acceptable accuracy and
precision for target analytes in a ciean matric. The laboasory must also repesat the demonsirasion
of proficiency wheneser new slaff members ane trained or significand changes in insfumentation
e made. Ses= Method 80000, Sac. 5.3 for infommalion on how 1o accomglish 3 demonsirabon of

proficency.
9.3  LowserLimit of SuanStation (LU0 chesck ssandard

The laboraiony shal estabiish the LLOG as the iowes] point of guantitation, which in mos)
cases, & the lowest conceniraton in the cabbration curve. LLOS venhication is recommended for
eachi appicabon io validale guantitalion capabdity at low analyle concermimbon leveks.
This may be acoomiplished with effer cisan control maberial (2.g., resgent waber,
solvent blank, Ottawa sand, dizlomaceous earth, &ic) or a repressntative sample mairid, frees of
target compounds. Opbimaily, the LLGE shouid be less than the desined reguiatory achon levels
barsed an the staled O0s.

In onder 1o demarsirale the entne sample reparation and analysis process 2t the kower
limit of quantitation (LLOG), a LWGA chedk standard [not part of an initial caliration) is prepared
by spiking a cle=an coninal maberial with She analkyteds) of imerest at the predicied LLOG
concentration evel(s). Alematrety, a niairee sample malrx b= spiked wiin the
aralyles of inlenest at She predicied L comcentration kevels. The check = carmed
frough The same preparation procedures as emiarcnmental samplss and other OC samples.

Reoovery of fanget anakytes in the LLOG oheck standand should e within established
in-house bmits, or other such spedfic acorplance limis, o demaonsiale acceplabie
method perfomance at fhe LLOL. Uinli the laboratory has sufficent data o delemrmine
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acoeptance limits, the LEE criberta + 20% may be used for the LLOOD acoeptance orftera. This
acknowiedges the: poorer overall response at the ko end of the calibration curve.
Hestoroally-based LLCS acceptance orfiena should be determinesd as soon a5 pracical onos
sufficient data points have been acquired. Additional information on LLEE can be found in
80000, Sec. B.T.

94  Inbaly, before processing any samgies, the analyst should demaonsarate thad all
parts of the: squipment in contact with the sample and reagents are interference-free. This is
accomplished $wough the analysis of a method biank. As a continuing check, each ime samples
are extracted, cleaned up, and analyzed, and when there (s a change in reagents, a meshod
biank should be preparsd and analyzed for the compounds of interest as a safeguand agains
chronic laboratony contamination. i a peak is observed within fhe refention Sme window of any
aralyie that would nderfere with measurement of that analyte, desermine the source and
slimiraie it, f possibie, bedore analkyzing the samples. The bianis should be camisd throwgh al
stages of sample preparasion and analysis. When new reagents or chemicals ane recetved, fhe
laboralory should moniior method andéor instrument blanks assooiated with samples. for any
signs of comtamination. H is not necessarny 1o lest eveny new batch of or chemicals prior
fo sample preparation if $he source Shows no prior problems. Howeser, | reagents are changed
during a preparafion baich, separale blanks must be prepared for each set of reagents.

The laboraiony should nol subtract the: results: of the: method blank from fose of any
associated samples. Such “blank subfraction™ may lead fo negative sample resulls. i the method
biank results do not mest the projed-speciic acceptance oriterta and reanalysis is nof practical,
fhen the daka user should be prosded with the: sample results, the method blank resulls, and a
discussion of the: cormecifee actions undertaken by the laboralony.

8.5  Sampie quality controd for preparation and analyss

The labomiony must also have procedures for documenting the: effect of She matna on

method performance (precision, bias, method sensivity). A1 a minimum, eadh batch of 20 or
feweer field sampies should include at least one method bliank, a laboratory control sample: (LES),

and efher a matriy spike‘maina spike duplicate (MSWS0) pair or a mainx spike and duplicate
aralysis of one field sampile. ¥When used, sumogates may be added 1o each fisld sample and OC
sample and Their nscovery monitored 1o evalkuate the effect of the sample matric Ay meshod
bianks, matnx spike sampies, and duplicate OC samples should be subjedied bo e same
analytical proosdures (Sec. 11.0) as those used on actual samples.

e Methods 5000 and 8000 for procedures o follow fo demonsirate acoeplable continuing
performance on each set of sampies o be analyzed.

9.6 R s recommended that e laboratory adopt add ol guality assurancs prachces
for use with this method. The speafic practices that are most producive depend upon the needs:
of the laboratory and the nature of the samples. Whenever possible, the labomtory showld
aralyze standand reference matenals and partiopate in relevant performance evaluation shudies.

ar The laboraiory should hawve quality coninal procedures o make surs fal sample
integrity is nol compromised during e sample collection and sample: handing procoess, ..,
#Frough aralysis of irip blanks, method blanks, eic. in addition, i would be advisable for the
laboratory to monitor the: inlemal standard ﬁ}rﬂmﬂ:l‘u‘lllu‘rﬂﬂu leaiks alirbafed 1o a
paor seal with the vial caps and sepla will be evident by low |5 area counis. Sample containers
ard data results for instances whens low 1S area counss are observed and leaks ore suspecied
should be discarded. Low ansa oounts of She less volable internal standards mary also be
amribuled o matry efiects and showld not be confused with a leaking vial.

LWRAE Undaie W KOZ1A - 16 Revsion ¥
July 2014

120



9.8  Heating the sampleichemical pressrvative/matric modifier miriure can exacerbate
chemical inberferences such as fose introduced by aod calahyzed hydrolysis or base
substitution and eliminason reacions. This can only be monRored Swough a matrix spike of a
sample from every project analytical batch. The spiking solution should be e same a5 that used
fo prepare the calibrabion standands in ondes to mnimize sources of vanabilty in esaluating spike
recavery. The acceptance critena shall be those recommendsd in e delemminasve method or
specified by a properly exeouted sysiematic planning dooument. if these crilera cannot be met,
e analyst may adjusi fe pH of the mixtune Sirough e addRion of soid NakS0, 1o excessvely
bersic mixtures or sobd MasPO,12H:0 1o evpesshely aodic mixtures. After this is done, the
mainy spils analyses showld ber-ep:i::lummunmiyzu:lmlllh: resulls are acceplable,
fhis pH adjusiment should be made 1o all sampies in the appropriate analyScal batch. Even if the
pH-adusied mato spie analrss & accepiable, the data user must be made aaare thal the
initial matrix spike failesd and the pH adjusiment was necessary. The nesulls from the pH adjusted
samples should be reporied, and the data user must be made aware that e nesutts for e
aralyles for which the indial matrix spike faled are questionabie.

1000 CALIBRATEON AMD STAMOARDLEATION

Lm Sesm 11,0 for information on cabbration and standardization and reder o She
appoprae delemmnase method for addibonal calibrabon and standardizafion procedures.

11.0 FROCEDURE

11.1  Sampie preparation - Sample nrmitﬂilnﬂmlmt%ﬂum:mmpt
when a soll sample s colecled and used only for soreening purposes. The procedure for sample

preparation depends upon the matx of the sampie and the target analyle conoemiration range.
To minimize loss of WSs from the samples or exchange of the wial headspaoe with the room air,
add spiking solutions quickly bo cold sampie vals soon afer remosing from refigerated storage
and efther ressal or place a new cap on top of the vial and apply slight pressure in betaween
preparation Sieps.

CaUTION: Adding standard solutions {e.g., internal standands) o a sealed wal by puncturing
fhe PTFE sepium face with a microsyringe exposes the gas phase contents of the
wial fo the sillicone maienal baddng the septum. This maienal may absorh some of
fhe gas phase WOCs in the vial, causing probiess with calibration, measuremnent in
sampies, spke recovery, sic, as a function of exposure time. This problem is
generally worse for the higher molecular vesight WO:Cs with high octancl-saler
partition cosficients, and this practice should be asoided or e val caps should be
enchanged for caps with un<punciured septa soon after spiking i thess WOCs are
analytes of infensst

11.1.1  WWaler sampies - The preparabon of waler samples inevitably involkes
some sample manipulabion and exposure o the aboratory aimosphere. Extreme caution
should be exerosed fo minimize any volbdization of analyles oul of e sample contents
and into the laboratory atmosphere. The firsst is 1o prepare e water samples
immediatedy afier removal from cold slorage. The decreased femperature reduces anakyte
wolatiity, and the: benedits, of s ane substantaly grealer Tan the inaccuraoes inoduced

by mesrsuring sample volume at iower temperatures.
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11.9.1.1  Add 5 mL of S maine modier soloSon b a headspace val
(Sec. 6.0), if used. Othersise, add § mL reagent waser. Set the sepium and crimp
fiop onhx the wial and mose the cnimping ool 1o @ readiy available posbon

11.1.1.2  Insert the Gp of a 5-mlL gas bght syringe through the sephum of
fhe vial 1o withdraw the: sample. Fil the syringe, taking care o prevent air from
ieaking imto the syringe whilke filing it. then remosve the syringe from the sampie and
place it in the bguid phase in the hesdspace vial. Inject the enfine abguot inbo e
re=adspace wial, then quickly add the imemal siandard andior samogale sSandand
solution, i used, and immediaiely seal the vial. This process of taking an aliguol
desiroys fhe validiy of e liguid sample for fubuee analysis. Therefone, § here is
arily one WOk vial, the: analyst should prepare a sesoond Sample inthe: same
manner & e firs! at this ime o proiect against possible loss of sample inkegriy.
This second sampie is stored at <5*C until the analyst has determined $at the first
sample has been analyzed properiy. if a second analysis is needed, it should be
oomipletsd widan 24 hir.

1112  Sail samples - if the sample will be analyzed by direct vapor parstioning for
iow level analysis, follow the instructions in Sis secion. | She sample will be sdracted with
solveni and the exiract divied for high bevel analysis, proceed o Sec 11.4.

11.1.21  ihe soi sampie was placed nG0 a headspace vial Wi nefner
waaier nor matrx modifer and the sample mass was nol reconded in the fisld,
estimate the sample mass by weighing the vial plus soil and sublract the mass of an
ermpty vial and cap. Then, unseal the wal, add 10,0 mL of matrix modifying soluSion,
if used, or reagent waler, alang with any intemal standard andior sumogate
standamd vsed, and immediabely reseal the vial. As noted in Sec. 8.0, VOC iosses
may ooour a5 a resull of opening the vial and dsplaong 10 mL of headspace.

CaUTIH: Only open and prepare one vial at & Sme o minimize ioss of volaaie
GIganics.

11.1.22  if the sol sampie was plaosd inio a headspace vial with
reagent waler ar the: mafrix modifier solution at the ime of sampling, first weigh the
sealed vial and its conients 1o 001 g. E the maini modifyng solution was added aft
fhe time of samping {Sec. 8.3.1), e tane weight does ngl indude 10 mL of mainis
madifying soluion. Thensdore, weigh the field blank assooated with Those samples
and subviract from i e tane weigid of the vial in which e fisld blank was prepared
LLise the difference: as the: wesght of the mairtc modifying sclution in the samples.
iAfhough this approach may introduce some &mor imo e sample results, that emor
showld b= mudh less than the: changes that will ooour i an unpreserved Semple:
shipped o e laboratory without the modifier). f sumogaies andior internal
standarnds were not adided at the ime of sampling. they should be added at this
ames.

112 The low-ooncentration method wilizing an equiliorium headspace fechnique s
found in Sec. 11.3 and sample preparation for the high-concentraion method is found in Sec.
11.4. The high-ooncentration method i recommended for samples tat obwiously contain oly
maienal or ceganic sludge waste (sse Sec. 4.4) See Method 8000 for guidance on the selecion
of a GC or GCME delemminative melhod. For $e analysis of gasaline, use Method 5121 weh
GICFID (photoionization detecior) for BTEY (benzene, toluene, ethylbenzene, and xylenes| in
seres with Meshod 801 & with e GEFID (lame ionzabon detecior) detescior for ofer ne
components. B GEMS analysis is prefesred, foliow Method B360. For the analysis of MTEE and
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fhe other fuel oopgenates, use either Method BONE with She GEFID detecior or Method 5260

LEEng

11.3

Liors-concentration {dinsct vapor pansicning | metincd for water, soilsediment amd

solid wastie amenable b T equilibnum hesdspace: meod.

11.3.1 Calbration

Prior I using this introduciion technigue for any GG or GC/MS method, e system

must b calibraded. General calibraiion procedures: are discusssd in Mehod 8000, while
fhe determinate methods and Method 5000 provade specific informartion on calibraSion
and preparation of standards . Mormmally, exdemnal standard calibration is preferred for the:
GC methods becauss of possiblie meference problems with inlemal standards.
interferances ans nol 3 ., based on histiorical data, inlernal sandand calbeation s
accepiable. The methods normally ulilze imtemal standand calibraton The GEAS
methods reguns nsinoment funing pror 1o procossding with caliorabon.

11311 GCMS funing

H a GLMS determinatiye mehod is empicyed, prepane a headspace val

Conianing reagent water and The amount of 4-bromofluombenzens (BFB] isted in
e delermnatdye method.

11.3.1.2 Infmal cakbraton

Frepare a minimum of five headspace vals for calibration standards, as
desnbed in Sec. 76, and a reagent blank (Sec. 7.5), and proceed aocoeding fo Seo
11.3.2 and fhe delenminative method seiected. The miong sep s tnnecessany,
becase no sal 5 present in e val. See method 53000 for the minimum number
of calibration siandards recommended for each bype of calioration moded.

11.3.1.2 Calbeation vesificabon

Frepare a headspace vial, as desoribed in Sac. 75, by spikdng with She
mid-oconcentration cakbration standard. Proossd according fo Seo. 11.3.2.1

i nning by piacing the: wial N e aviossmplsn) and the cebeminaire: meaiod.

Ha dmmnuﬁaﬂ.rmimrﬂdmﬂ
containing reagent waler and the: amount of BFE isied in e delerminasve method,

11.32 Headspace analyzer operaing condidions
The conditions descrbed Sroughoot Ssc 113 were experimentally optimized

using the equipment described in Reference 21 inSec. 16 and empioying Meshod 8260 as
fhe determinaiye method. B gther headspaoe sysiens and delerminatve methods ane
utized, it is recommended that the manuiaciurer's headspaoe operaling condfbions be
folowed, prowvided that they are appropriaie for e delerninatve method fo be employsd.

11.3.21 Mix the samples [on a rotafor or shaker) for af kst 2 min.
For sampies that contain water insoiuibie materiaks, cane must be exsrnised durng
miuing o prevent this material from adhesing 1o the inner surface of the vial seal;
othersse the sampéng needle can become contaminaled with Tes maleral upon
punciuring the seal. Care must also be exerosed 1o avoid over filing the vial o
prevent con@aminating the nesde with aqueous samplks.
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Flace the wials in the autcsampler carmouse] at room iemperature. The
indiradisal vials are heated o 85 *C and allowed o equilieate for 50 min. Each

sample i mied by medhanical agitaton during this: eguilibrum perod. Each vl is
pressurized with helum camier gas o a minimuem pressuee of 10 psi.

11.3.22 A represeniative and reproducbie sampie of the pressurized
he=adspace is tansfemed o the GC oolumn through a heated ransier ine acoonmding
fio the manudachrer's instnuctions.

11.3.22  Proceed with the analysis as per the determinative method of
choice.

MOTE: H maimaining a specifisd pH is critical o quakty assured measuremnent of
the analyiss) of conoem | Sec. 4.7), fe pH of sach sample showld be
veriied. If basic presendation is necessary, T pH of the sample showld be
weriied o be =14 (see Sec. T.B1). i acid preservalion is necessary, e
pH should be werfied 1o be £ 2, jo== Sec. T 8.2). This check may be
performed after analysis of the sample in order 1o avoid compromising
sample integrity. \Wide-range pH paper should provide: sufficent
information to verify efficacy of the presenatie.

114 High-conceniraSon soil method

1141 ¥ the sample was colecied as described im Sec. B3 2 wiihout the adckbion
of methancl 1o the wial, Shen weigh the sample to the nearest 0.01 g. Add fwice e volumes
of methanol as the nominal sampl= mass o a @red VOA vial and immediaiety reseal e
wial. Open only one vial at a ime o minimee oS of VOCs. Hthe sample was ooll=cied ina
sealable ooring device as descrbed in Sec. 8.3.3, add the methanal io 2 vial first, weigh the
wial win the methamol and e cap fogether 1o oblain the tare mass, and then add the ol
plug. seal immedialely, reseigh, and caloulats fhe samipke mass.

1142 HEihe in Sec. 8.3.1 was employed for sample oolkschon and
eftuer the: matroc solubion or oganic:free neagent water was added fo the sampie
wials, subsampiles for high conceniration analysis should be 1aken from the s=parate VO&
wials colecied without matrix modifying solution or reagent water as desoribed in Sec. B2
or fromn the vials collecied for salids delermination. Transfer approximatety & g of
sample from the 490 or GO mil vial imo @ tared WO vial contaning 10.0 mL of
methanol, seal the wial, and resssigh o estimate the mass of sample ransfered. Open only
one vial al @ ime b minimize te loss of volatle oganics. Substantial VOC losses may
oorur 5 a resull of transferning a subsample from one val 1o another using s prooedure.
Comem S 6 i thee Appenidor of Bethod 50056 for more detais.

1143 Wi by shaking for 10 min at room 1emperatene. Decant 2 miL of the
methanol exiract 1o a sorew-iop vial with PTFE-faced septa and s=al. Withdras 10 gl and
injedt info a headspace vial containing 10.0 mL of maérx modifying solution or organic fres
reagent waler. A larger volume of mefhanal may be added provided the methanol coment
does nal adversely affect the analyte responses (refer 1o Sec. 7.4.1). Add intemal

standards andior SUToJates 5 approprate, and analyze by the hesdspace peocedurs by
placimg the vial imo the Fossmpler and processding wih 1Az,
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12.0 DATA AMAL YSIS AND CALCULATIONS

There are no data analyses and calculaton steps directly assooated wih fhis procedure.
Folow the directions gven in the determinatre meshod.

130 METHOD PERFORMANCE

131 Performance data and reiated infommation are prowided in SWW-845 methods only as
examples and gudance. The data do not represent required periormance goals for users of the
methods. Instead, perfommance goals should be develioped on a propect-specific basis. and the
laboralory should establsh in-house OC performanoe criteria for the applcabion of this method.

132 ‘Waler sampies

This method was used o measure several Wis in groundwater samples. The sampies
wene coliected from bawo sies: twenty-dour samples were oollecied from e first sde (site &) and
fwenty-three samples wene collected from the second sfe [sfe B). Using a basic presenatne o
prevent the hydrolysis of ethers such as MTBE, muliple groundwater vials werne collected at
each sampiing point. The samples were analyzed by three independent laboratones. All of e
laboralones used this method for sampie preparation. and each abomatory used a diferent
determinative method. One laboraiony used a GC/MS technique with a guadnipale mass
spectromeler (Method SE250), another used a GCAME technigue with an ion-trap mass
spectromeler {Method S260), and the third used a GCAF 1D technigue (Method BO15). The
example results of the analyses are shown in Figures 1 through 6. Sinoe all three aboratores,
followed the same project plan and the same data quakty cbiectves, the data generated by e
free laboraiones is mutually comparabie, even though they used diferent techniques. As
recommended in Sec. 5B, mafrix spike studes were done af each sile. The exampie percent
recoveries from the sile A Sudies are shosn in Figure 7, while those trom sie B are shown n
Figure 8. Figure 8 shows Tat one of the labs had poor recowery for MTBE. However, the

recovery of the other ethers was acceptable, indicasing that hydrolyses was unlikely o be e
source of the problemn. The eflect was atirbuted o sample mafrix inferference.

13.3  Sol sampies - Sngle-laboratory accuracy and preosion data were cbiained for the
method analytes in bvo soil mainces, Le., sand and ganden soil. These data are found in Tables

25-28 of Method BIEOC.

14.0 FOLLUTION PREVENTION

14.1 Paliution preventon encompasses any Edmigue Tt reduces or diminaies the
gQuantity andior toeicity of wasie at the poir of generation. Mumerous appartunities for poliution
preventon exst in aboratory operabon. The EPA has estabished a predemed hierardTy of
errimmrEnenial managemsnt technipues that places poluion preverThon as e managemen
option of frst choice. Whenever feasible, laborafory personned should use pollution
fechrigues o address ther wasie generation. When wastes cannot be feasibly reduced at e
source, the Agency recommends necyding as the nexi best ophon.

142 For inlormation abcas pollution prevenSon thaf may b= appicabie io laboratonies
and researnch instiutions consull Less /s Beder (abomatory Chemica! Management for Was'e
Reguchon, a free publcation avalable from e Amencan Chemical Society (ACS), Committes
on Chemical Safety,
hitp-Uportal.acs ompporalfleFeich CWPRCE 0N Z280ipdiWPCR 012290 pdf.
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150 WASTE MANAGEMENT

The Envronmental Prolecion Agency requres That labomatory wasie ma

practices be conducied consistent with all apphcabie rules and regulations. The Agency urpes
laboraiones 1o prolect the air, water, and land by minimizing and controding all releases from
hoods and bench operations, compiying with the leSer and spant of ary sewer discharge permts
and reguiations, and by complying with all solid and hamrdous wasie reguiations, paioularty e
rerardous wasie identification nules and land cesposal resTictions. For further information on
wasie management, consull the ACE pubbcation isted in Sec 14 2.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
The following pages contan the tables and figures referenced by this method.

FIGURE 1
EXAMPLE RESULTS FOR SITE A STUDY OF ETHYL TERT-BUTYL ETHER
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FIGURE 2
EXAMPLE RESULTS FROM SITE A STUDY FOR TERT AMYL METHYL ETHER
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FIGURE 3
EXAMPLE RESULTS FROM SITE A STUDY FOR METHYL TERT-BUTYL ETHER
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FIGURE &
EXAMPLE RESULTS FROM SITE B STUDY FOR BENZENE
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FIGURE 5
EXAMPLE RESULTS FROM SITE B STUDY FOR METHYL TERT-BUTYL ETHER
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FIGURE &

EXAMPLE RESULTS FROM SITE B STUDY FOR TERT-BUTYL ALCOHOL
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FIGURE 7
EXAMPLE PERCENT RECOVERIES FROM THE MATRIX SPIKE STUDIES OF SITEA
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FIGURE B
EXAMPLE PERCENT RECOVERIES FROM THE MATRIX SPIKE STUDIES OF SITEB
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improyed overall method formatiing for consisiency with new SW-B46 methods shyle guidance.
The format was updated 1o Microsoft Word dooc

Mincr edional and technical revisions were mads tThroughout 1o mpoye metihod

The revision number was changed o zmeemmmme:ﬂJu
This appendix wars added showing changes from fhe previous revision.

ddced updated IOF language and LLOG verificabion standard language o Sections 9.2 and
93,

Included responss column and a dassfication sysem for analytes in Secs. 1.1 and 1210
prowide an indication of which VOO resporses were improsed by the mairc modifier.

. didded a sealable, air-bght coring device s an alternatre sample collection option for soils o

Emc B33

didded an akernative for calibration slandard preparation o Sec. 7 4.1 thal alowsd for multiple
caliration levels prepaned by adding differsnt wolumsss: of one or more siock solutions.

. Clarified in Sex. 1.4 the major sources of measurement bias expected for sampls analysis

using this method, as well as which sources of measurement bias the masrix modifier many
impeove, ‘which sources of measurement bias may be made worse by e mainy modifer, and
under whal other Croumstances not adding the: matrix modifier may be appropriale.

0. fidded a coution afler Sec. 11.1 regarding the expecied effect of compromising the PTFE tace

o avial s=al on recoveny of oil soluble fangst analytes.
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ANEXO 9

Método de la norma de la Agencia de Proteccion Ambiental (EPA 8000D)
ME THOD BOOGD

DETERMMATVE CHROMATOGRAPHIC SEFARATIONS

LW -B4E is not intended 1o be an anakytical fraining manual.  Thersdore, meshiod proced ures
are wrinen based on the assumphion that they will be perormed by wiho are formaiky
frained in ai l=ast fhe basic pnnciples of chemical analysis and in the use of e subject

technoiogy.

Iin addiion, SW-B4E methods i this manual, with the exosption of negquired use for e
aralysis of method-defined parameters, are nkended to be guidance documents.  They comtain
general information on how o perform an analyScal procedure or Sechnigue, which a laboralony
Can use a5 3 basic stariing poind for generating fs own detailed standand operating procedure:
dEEFl.uﬂfh'rﬂmgu‘Hiuuu‘hlanﬁ:nqudmm. F"H'hrr“nE!-"h:Eﬂ
inchuded in s method are for guidance purposes only and must not be used as absolute guaility
control {85 acceptance: criena for the purpose of aboratory &8 or acoreditation.

10 SCOPE AND APPLICATION

Fiease see Appendix b at the back of this dooumend for a summarny of resisions 1o Method

BO00C (From Revision 3, karch 2003

1.1

EviBag

Method 8000 s not a deleminative method Dot insiead provides guidance on
amalytical chromaiograpiy and descnbes. calbration and G5 requirements common bo all

methods.  Howeser, mons

specific OC requirements provided in the

appicable delerminalve method will supssede those noled in ethod 8000.  Method BOGD
showld be: applied in conjunction with all '¥-8456 determinative chromalographic medhods.  The
mesthods mclude, but are not limibsd I:|.1:I1I:-I'|:-Ii:nl'l"lg:

L r— Chromatographic Dietector
Mumber Technigue ( Seo. 1.5)
&850 Perchiorate HPLE S, NGRS
L= i Perchiorae ic IS, MESITAS
7580 White: phosphons (F,) GG MES LS
=011 EDB, DBCPE =C, capilary colsemn ECD
B015 Monakcgenaled volatles &G, pI:l:ﬂ:I-E-IIHh‘!.' FiD
Colurmin
B Wolahles =5, capitary colemn PD, ELCD
=031 Acrgionfrle GC, packed column MNP0
B0 ficrglamide GC, packed column ECD
2033 Aopeinratnie Eﬂ.ﬂpﬁrﬁl CaLrTI S
201 Erenioks Underreatized or FiD, ECDy
denvatized, GG, capllary
ool
BO&1 Prinalates =C, capilany colemn ECD
=T Mrosamines GC, packed column MPD, BLCD, TED
=081 Organochiorine pesticides =5, capilary oolsmn ECD, BLCD
Exp-Bal Update W Bi0oD- 1 Reyizon 4
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Betniod Anaiyies 'E-I'I'IIJIITIIIJ:FIH'E: et
Mumber Teschnigue ( S=c_ 1.5}
=082 Polychiorinated biphenyls 5C, capilary ocolsemn ECD, BELCD
B Miroaromalics and cydic 5C, capilary ocolsemn ECD
=100 Polynuciear aromatic 5C, packed & capillary Fab
Frytrocarbore ool
=111 Halw=thers, (5C, capilany colmn ECD
121 Chiarinaied hydrocarbons =C, capilany colemn ECD
=213 Arilime and sebeched =C, capilany colemn ML
B141 Organophosphorus pesticides  (5C, capillany colemn F&D, HPD, ELCD
=181 Acid herbicides Dervatized; 5C, capillary  ECD
ol
S0 Volahike=s =C, capilany colemn [
A Volahike=s =C, capilany colemn [
- 1] Wiolahkes HA CESATIS
T Cemnalalies =C, capilany colemn [
g Cemnalalies Thermal exdracton=C [
EETE Toxaphene and Congeners =C, capilany colemn MECLRAS
B0 Dicins and Dibenzofurans =C, capilany colemn Low resobtion MS
S0 Dicins and Dibenzofurans 5C, capilary ocolsemn High resclution kS
=310 Polynuciear aromatic HPLC, reverse phase U, Flucresosnos
Irpdrocarbons
=315 iCarsom compounds Dernalize; HPLE uny
=316 ducrglamide, acnyanirie, HPLLE, reverse phase uny
SCrobeEn
=314 M-Medgl carbamates Dernalize: HPLE Fluorescernce
= Extractable nom-volaties PLE, reverse phase TEMS, U
o k| iUrganotin compounds HPLLC, reverse phase ESINTMS
ol Extraciable nomn-volaties HPLLC, reverse phase PRIMS, W
=330 Miroaromatics and nittamines ~ HPLL, reverse phase Lny
=33 T elranesne HPLC, ion pair, reverse Lny
5352 Miroghyoerine HPLLC, reverse phase Ln
B410 Cemnalalies =C, capilany coluemn FTaR
B430 Bis|Z-chioroethyd) ether =C, capilany coluemn FTaR
brydrotysts products
DECEF =  Debrossschlonopiopans ] = lasis @ pachosly
OSATHS = sk i pl rggfton g muks speciomatsy HSMS =  Hass s pechomabe Mass spechomdry
ECh = Elacton caplung debschs HICIMS =  Wsngatres bon Cherrecal loncabonMass
EDE = Elfrdana diisormels g Ty
ESITME = Electospay smsatiosion g mik R = Hiroonpharsturoo Sabaciir
sparomu by K, = b wpchoalis
ELCD = Elwdroliz onduchvly delecio Pabs = Polgedesr somebc Syocs b
Filx = i o e debechod PEME = Pl S s spectomtny
FIT = Flmw chulodie delecis (] = oot St
FT-I = Fourse barsbern-afmes TED = Tharmese: emmsen Sebecior
[ = Cira ch TSRS = Therrmopiey Mo specihomy
HPLE =  Hgh parfermance ko Shromabcnipty e = (e ek
i -84 Update & BoaoG. 2 Resimon 4
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12  Anakytical chrom raphy is used o separate tamged anakyies from co-exracted
interierences in samphes. Emmmmmmumm?‘nmmm

GE and HPLE.

121  GEis e separation fechnigue of choice for ceganic compounds which can
be volatikzed without being decomposed or chemically reamanged.

122 HPLC is a separabon technique useful for semivolasile and non-vwalatile
chemicals or for analyies that decompose upon heating.  Sucoesshul lguid
mmmtlﬁ'm reguires Hiat fhe analybs)s) of interest be soluble in the
sohvent|s) selecied Jor use as the mobée phase.

1.3 Al chromatographic processss achieve sepambion by passing a mobie phase ower
a statonary phase. Corstivents in a misiure are ssparaled because they partition diferently
beteeen the mobie and stasiohary phases and $us have different retention Bmes.  Com
thal meract stongly with the statonary phase elule siowly (Le.. longer reterThion tmes), whike
compounds Tl remain in the mobie phase elute quickly {i.e., shorer retention times).

131 The mobie phase for GG & an iner gas, usually hydrogen o heliom, and
fhe siationary phases are generaly polymer bases.

1.32  In“normal phase™ HPLE, the mobile phase is less polar than e stationary
phass=. in “reverse phase™ HPLG, the comverse s rue.  Reverse phase HPLE is the
fechnigue of chaice for emviranmental and waste analyses of non-wolatie organic Eeget

analples.

1.33  lon exchange dvomatography is used bo separale ionic species through
compettion with ions in $e mobile phass for opposiiely charged exchange sbes on a
staSionary phase. Differential selsctivties of the ionic species and the mobile phase ors

fior exchange sfes are responsible for the chromalographic separation of the lons.

1.4  Anumber of spedfic GC and liguid chromatograpiy (LE) tedhmnigues are used for
erraironmental and waste analyses.  Spedfic technigees are distinguished by e
chromatographic hardware and chemical mechanisms ussd io achiswe SEpaEtons.

141  &EC methods, induding those in SWW-B46, can be cafegorzed on the basis

of the chromatographic columns empicyed.
142  HPLC meshods in SW-846 are categorized on the basks of the mechanism
of searation.

1.5 5iV-B4E methods descrbe columns and condfions that have been demorsiraled o
provide aptimum umﬂ-mm%mim in that speafic procedure.  Most
often, those columns were the ones used by during method development and tesing.
Araiysss mary change Tose columns and conditions, provided that they demonsirate
performance for The analytes of ntenesi Tt is appropriate for the: intended applcation.  This is
especialy frue when limied groups of analytes are fo be monifored (Le., § only a subses of te st

of tarmget analytes in a method are needed, the chwomatographic conditions and columns may be
optimized for thoss= anakytes).

1.61  Chromalographic periommance is demonsirated by S resolution of
mmuuﬂqmmmmﬂummm.mw
sensifafty, precision, bias, frequency of false positives, and frequency of false negatives
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during analysis. The labaratory must demonsirate St any chromatographic procedune it
wses provides periormance satisfying the analytical requirements of e specific applicason
for which it is being used.  Such demansiabons should be perfommed using The proced ures
outined in Secs. 9.2 0 9. of this method and appropriale seciions in Chapber Cine.

1.2  Laboratories must also be cautious whenever the use of two dissimilar
columns s nchsdesd ina method for confemation of idenification and guanfitaton. For
instance, a D8-& column generally cannot be used for confirmation of results obtained
an S5PE-5 column because the stationary phases are nof sufficiendy dissimiar and the
changes in elution onder (if amy) will not provide adeguale confrmabion.

16  When GC conditions are changed, relention times and analyscal separations ane
citen affecied.  For example, increasing the: oven fempeabere changes the rate of partiioning
between the mobie and stafionary phases, ieading o shorter relention times. (GG retention
mes can also be changed by selecing a column with a differen length, stationary-phase icading
jie., capiltary column film thickness or peroent loading for packed columns), or alternative liquid
phase.  As aresull, teo ontical as of any Sé-B4E chromalographic method are the
detemmination ands'or verification of relention tmes and analyte ssparation.

1.7 HPLC retention times and analytical separations are also aflected by changes in the
mabile and stationary phases.  The HFLC mobids phase is easily akered by adjusting the
compoesition of the: sokent miiune being pumped trough the columne  in reverse phass HPLE,
increasing the: ratio of water:miscibée oganic soivent o water generally shoters: netention times.
HPLL relention times can also be changed by selecting a column with a different length,
alternative bonded pharse, or dissimiar partide size (e.g., smaler particles and'or 2 longer column
generily inoease column resoiution, while diferent bonded phases may resobe specific
companents diferently).  HPLC methods are also patiouarty sensithve 1o small changes in
chromalographic conditiors, including temperatore.  HPLE column temperature control ovens
should be used % maintsin constant refentian times besause ambient laboralony Eempeabres
may fiuctuate throughout the day.  5W-845 methods provide cond Riores thad hanee been
demonstrabsd ta prowvide good HPLES separations using specific instruments io analyze a imied
rumber of samples.  Analysts {paricularty those using HPLCMS) mary need to taior the
chromalographic conditions listed in fhe method for their specific application andior instrument.

1.8  Chromatographic methods can be used to produce data of appropnate quality for the
aralyus of erironmental and wasie samples.  Howsser, data guality can be gready enhanced
wihen the analyst understands bofh She mended use of the resuls and e limeations: of e
speciic analvical pocedures empioyed.  Therefore, these methods are recommended for use
anly by, or under the close supendsion of, expenenced Many dificuities. pbsersed in
fhe performance of SW-845 methods for the analysis of wasies can be atiributed to fhe
lack of skill and fraining of the analyst.

1.8.1 Methods using selective (e.g., PID, NFD, ELCD} or non-seiecive (2.,
FID) deteciors mary present senous dificuities when wsed for site invesigations, induding
coedution of target analhytes, false negatives due 10 refention time shifts, and false positves
and quantitation erors due 0 cosluling non-laget sample components.

1.82  Inconias, GC meshods employing seiective or non-selective deteciors
may be appropriaie for remediation actffties where the analytes of conoem are knosm, of

limited number, and of significantty greater concentration than potemtially interfering
malenals.
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1.8.3 e sile is nol wel daraclenzed, and espedally i lange mumbers of target
analyles are of concern, analysis by GEMME or HPLCMS may be mone appropriaie.

14 Each chromatographic method indudes a list of fhe compounds recommended for
analyms given the procedures desoibed therain,  Lists in some methods are lengly; it may not
be pradical or appropriaie to determine al the analyies smultanecusly.  Such analyte ists do

mat imply a regulatony reguirement for the analysis of any or all of the compounds, but mther
incicate the method|s ) applicable to Hoss compounds.

1.10  Analysis should consul the disclaimer stalement at the front of the manual and e
information in Chapter Two for 1) guidance on the ntended fiexdbiity in the chowoe of methods,
apparafus, materials, reagents, and supplies; and 2} the responsibikbies of the anatyst for
demnonsirating that fhe lechmigues employed are appropriaie for the analyies of inberesd, in e
mainoes of inlerest, and at the levels of concem.

In Iddl:ﬂ.lﬂi:g.ﬁlﬂddﬁlmn advsed that, except where explicity required in a
reguiation, the use of 5W-846 methods is not mandatory in responss o Federal

requirements.  The information contained in this meshod s provided by EPA as guidanos for the
analyst and reguialed community in making judgments necessary o generale results mesang the
data qualifty requiremenss for the: inlended application.

1.11 Al of the SW-B36 determinaiive chromalographic methods @at reference this
method are resincied 1o use by, or under e supenasion of, analysss expenenced in the use of
gas or high perfommance: liquid chromalographs and skiled in the nierpretason of
chromalograms.  Each analyst must demonsrale the ability to generabe an acceptable nitial
dernonsiration of peoficiency (D8] along with accepiable resuls acoording 1o meethod
recommendaions and stated projed] data quality objectives [DO0s)  Method BO00 s inlended
fio be a supplement b, but is not intended fo be a subsShite for, formal fraining in e basic
princples of 55 or HPLE.

20 SUMMARY OF METHOD

This method desoribes general considerations in achieving chromalographic separations
and periorming calbrations. | is o be wsed in conjunchion with all 5% 845 delerminaive
chromalographic meshods, including, bul not limited fo, each method listed inSec. 1.1.  Eadh of
uummmmmmmmhmumm.
extracion, cleanup, and'or derfvatization. Consull the specific procedures Sor addiional
information on these crucial steps in the analycal pooess.

21 Sec. 4 2 of this method provides general guidance on minimizng contamination,
InCluding Cross-coMamnason betwesn samples.  Sample soreening procedures ane strongly
recommendesd, and dscussed in Sec 4.3

22 Belore any sample or blank s infroduced imo a chromatographic sysiem, te
appropriate resolution criteria and cabbration proceduns(s) desoribed in Method 5000 must be

satisfied.

231  Secs. 4.4 and 4.5 pronide information on the effects of chromatograpinic
interferences.

24  5ec &.0of this method contains genemiized speaifications for te components of
both G and HPLE sysiems used in SW-845 analyses.
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25  Calibration of the analytical sysiem is another ontical step in the generation of guality
data. Sec 11.5 dsousses specific procedures and calodiabions for both inear and non-inear
calibration modeis. Confinued vse of any chromaiographic procedure necsssitales a verfication
dlhl:ﬁi:-jll:lr.ﬂirmdﬂ.ﬂ procedures for such verifications are descrbed in this method as
w1l 1.

26  identification of target compounds by any oh raphic procedure s based, at
least in part, on retention times.  Sec. 116 provides procedures for the delermination of retenSion

Bmes and refention me windows o be ussd with the speafic methods ksied in S=c. 1.1.

27 Caloulations necessary fo derfve sample-specific concentrations from the: irstrument
responses are common o most of the analylical methods bsied in S5ec. 1.1, Commonly wsed
caloulabons are surtemanzesd im Sec. 1110,

28  Prevenlive mainfenance and comecive actons are essenitial o the generason of
quakty data in a noutine laboratory setting.  Suggesions for swch procedures ane found in Sec.
11.11.

249 Maost of the mefhods listsd in Sac 1.1 employ & oomimon appoach o 35, While

some of the ow=rall prooedures are desoribed in One, Sec. 9.0 desoribes routinely wsed
procedunss: for calibration werfication, instnument pe noe chescks, demonsirating acceplable
performance, eic.

210 Belore performing analyses of spedfic samples, analysts should work with data
users io deiermine acceplable necosery ranges for all tarnget analytes of inlensst in the: bype of
mairioes to be lested.  Analysts must also be able 1o demonsirate thal the: sensivity of e
proceduns employed is appropriaie for the inlended application.  One approadh o such a
demonsiraton is o esimabe fe method sensfvity for the analyies of interes! using e
procedures: in Chapier One or other appropriaie procedures.

310 DEFINITIONS

Refer to Chapter One, the indiidual delerminatyve methods, and the manufachrer's
instnuctions for definitions fhat may be relevant

40 INTERFERENCESCHROMATOGRAPHIC PERFORMANCE

4.1  Sohvents, reagents, glassware, and ciher sample processing hardware may yield
artiacts and'or imerisrences dunng sampée analysis. Al of fhese matenals maust be
demonsirabed fo be free from intederences under condiions of analysis by analyzing method
blanks. Speciiic selection of reagents and puriication of sobwents. by distllation in all-glass
sysiems may be necessary.  Aefer io each method fo be used for specilic guidance on GC
procedunes: and fo Chapter Four for general guidance on e deaning of glasswane.

42  Contaminason by camyoeer can ocour whenever high- and low-concentration
sampies are analyzed in ssquence.  To reduce poteriial for carmyover, e sample syringe or

purging device mus? b thoroughly nnsed behween sampées with an appropnate sokent (inclsding
waler). Purge-and-trap or headspace devioes should be Shomoughly baked out befween

samples
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¥ihere pracical, samples with uresually high conoemiratons of analytes should be follosed
bry meshiod blanis or imstrument blankcs or by analysis: of organic:free reagent water io cheok for
contamination. |H targed compounds present in an unwesually highly concentraied
sample are also found 1o be present in subsequent samples, e analyst must demonsirate that
fhe compounds are nof affecied by camyover contamination.  Consersely, f fhose trget
comipounds are nol present 0 the subsequent samipls|s ), then they do nof nessd o be reanalyzed.

Furging vessels may be cleaned by rinsing withi methanol, foliowed by a distiled waler rirse
and drying in a 105 *5 oven between analyses.  Defergent solutions may also be used, bul cae
st be faken 1o remove e delengent residue from the punging wesssl  Ceher approaches 1o
cleaning purping vesseis, such as some modern aulosam plers which mse the vessel|s) between
runs, may also be empioyed, provided that the: laboraiony can demonsiaée fhat they are effective
in MEMoYng Contamnants.

4.3 in addition 1o camyoeer of compounds from one sample 1o the nexd, the analysis of
highi-conoerirabion samples. can kead b contaminason of Sie anakytical instnoment fself.
Elminating Tis conlamination can oost significant time and effor that cannot be spent analyzing
samples. The most reliable procedure for ensuring minimum dosm ime s o soeen samples by
a higher level technique.  Sampies i0 be analyzed hor volatiles can be screened using an
awromaled headspace sampler (Method 5021) connected to a GERPIVELCD delecior (Method
B8021) or by analyzing large (e.g., 100-40ld) dikfons of the samples on the SIS, Samples 1o
be aralyzed for semrolaties can be soreened using GCFID.  Osher screening methods are also
aceptable.  The analyst should wse screening results jo choose an appropriale diution tadior for
fhe ZEMS analysis hal will prevend sysiem contamination yet sl provide adequaie sensinity
fior the: major constitvents of e sample.

44  Ekvated chromalographic baselines (e.g., baseine humps| should be mimmized or

sliminaied durng fess analyses by application of appropriaie sample dean-up (&ethiod 3600,
extract dilution, use of pre-columns and'or insers, or employing a selective defecior.

of “hump-o-grams” can result in sgrificant guanbtatie emors. When sevaled baselines. are
abmerved dunng analyss of blanks and standarnds, the chromalographic system should be
considered contaminatesd.  This comlamination can resw from imouee Camer gas, nadequake
gas conditianing, sepbum bleed, column oxdason, incompleie elution of non-agel interfenrenoes,
andior pyrolysis products in the injecior or columne  Such contaminasion is unacosptable and
musi be addressed through a program of preventive mainienance and corecive action.

46  SeeSec. 11.11 for suggesied preventaive mainlenance actiities thal may prevent
or amediorate deferoration of chromatographic performanoe.

50 ZSAFETY

This method does not address all sadety issues assooabed with s use.  The laboraiony &

responsible for maintaining a safe work environment and a curent avareness file of O5HA
reguiations regarding the sade handling of the chemicals and instrumentation ncluded in fis

method. & refersnos fie of material safety data sheets (ME05s) should be available 1o all
personnel rvohved m hess analyses.

G0 EOUFMENT AMD SUPPLIES

6.1  Mention of rade names or commercial products in s manual is for llustratbve
prposes only, and does not consStube an EFL endorsement or exdusive recommend ation for
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use. Products and instrumsnt sefings cibed in SW-846 methods represent those: products and
sethngs ussd dunng mefod developmen] or subseguesntly evaluated by the Agency.
Glazsware, reagents, supples, equipment, and s=Rings: other than those lsted inthis manual
may be employed provided that method perfomance appropnate for e inkencded application has
emmn demorsirated and documented.

This section does not Iist all common laboratory glasswarne (e.g., beakers and flasks) that
might be used.

&2 G0 nlet sysiemns

621 \olable onganics

‘Volatile organic anakyies are introduced info a GC through a purge-and-Fap sysiem,
bry cwrect injeciion, or other iechnologees.  The purpe-and-Trap apparaius i descrbed in
Blethod B0QD for water samples and in Method B038 for soi and ofher sobid samples.  Ses
Blethod B000 for puidance on all forms of sample introduction of volaties imo the GC and

GLAE sysiem.
232  Semteolatie organics

Zampie exiracts containing semivolatie organic compounds are ntroduced indo a
GC with a syringe Tal passes through a sephsmi inko an injection port.  The: injection part
aliras the sample extract to be vaporeed prior 1o being fiushed omto the GO column, hence
fhe lerm “gas” chromaiography.  Comect setup and maindsnance of the injecior por is
meoessary o achieve ameptable performanos with GO methods.

221 Aninjection port septum and liner showld be instaled in the GG
inlet as appropriate for the system

§222% Paoked columns and wide-bore capilary columns (= 0.32-mm
D) should be mounied in t-inch injedors.

223 Hamow-bore capillary columns (< 0.32 mm 10} should be
mounied in spllispkiess (Grob-type) imeciors.  Spiitispitiess injeciors should hae
ariomated wahkve closures that direct mosi of the fiow (and sampie) onto $he head of

fhe analyical oolumn.  Afier a predetermined splitiess. introduction ime the: spli
walve & opensd o fhat most of the fiow is venfed dunng analysis, thus ekminating

e sakent il whie maintaining proper fiow Srough e column.  The inbial oven
femperature should be below S boding point of the: injeciion sohwent i e sobwent

front inlereres with earty-ehuting aralyies or if the sobent efied is nesded fo resobve
difficult o separate analyies.

224 Cool on-column njecion and programmable: empesa e

vaporizer inlets aliow the analysis of labie compounds that degrade on packed
columns and n sphb'spitiess injeciors.

5.1 EE fiorar contral

Fredse contral of fhe gas mobie phase s necessary o achieve reproducible 5C relention
fmes. Flow controllers within any GC used for analyses described in 5W-846 methods should

deliver a precsely metered gas fiow at a rabe appropriate for the GG column mounied in the
instrnument.
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[ R bios! GO haee restnciors built inlo elecronic pressure controlers (EPCs)
monfored Usng a dgital readout.  These resinciors are used o provde precse fiow at te
carrier gas fliow rate lsked in the method (g, use <20 miimin restriciors for wide-bon

capilary methods)

632  Analysts should ensure that cyinder pressures are reguiaied propery and
manfiold pressures are sufficienty lange thal a change in e head pressure of an ndradual
instrument does not affect the fiow through all insruments.  Toggle valves that allow

instruments fo be sclated are recommended for al muth-instument gas dedivery sysiems.

633 Camer gas shouid be of high purity, and condiioned between the cyinder
and the GG with a scrubber to remove any resicdual warler, copgen and hydrocarbons as

necessary.  Gas regulators should contain stainkess sieel daphragms.  (Heoprene
diapfragms are a polential source of gas contamination, and should nol be used.)

54 =E ocolrmms

Each deferminative meshod in SW-846 provides a descrphion of a chromatographic column
or columns with assooiated column specifications.  Other GO columns may be subsifuted in
SW-B46 methods o improve performanoe if (1) the: criiena described in Sec. 5.3 are satisfied, and
i2) target anahvies are sufficiently resolved from ane another and from co-extracted merferences.

fo prownde data of appropnate quakty for he infended application.

Use of capilary columns has become standard prachoe in emaronmenial and waste
anakws. Capilary columns have an nherendy greater abikty 10 separate anakytes than padked
columns. However, packed columns can provde adequale nesolution of some analyies and are
mast approgriately empioyed when e kst of analyies o be delermined is nelabively short

541 Marower colmns are more effioent (Le., can resolve more analytes) but
have a lower capactty (Le., can accept less sample without peaik disiorson).

642  Longer columns can rescive more analkyies; resolution increases as a
funcaon of the square rool of column length.  Run-ame i also inoeased.

4.3 Columns with greater film thickness (2., lbading | increases column
capacity and nefenton Smes.

55 ZC deteciors

Deleciors are the transducers §at respond o components ekuing from a GC column and
produce the slecincal signal used for guanttative determinations.  SV-B46 analyses in this
manual are conduded wsing the detectors listed in Sac. 1.1, Except where othensse
recommendad by the mstnument manufacturer, seiective non-MS. detecions should be manined
&t least 210 *C above the highes! oven iemperature employed o prevent condensation and
defecior contamination.  To prevent condensabion betwesn e G5 and an M5 detecior, ransier
Iines should be mamined at a iemperatune above e highest bempeabuee of the oven program,
or as speofied by the insrument manufacturer.
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66 HPLC injeciors

Liguds anz exsenhaly uncompressible, so a mechanical devios & necessary that allows
introduction of the sample inio a high pres sure fiow withow? significant dsnspon in e Sow rabe
and hydraulic pressure.  Mormally, a §-port valve is used for this purpose. A sample loop is
isolated from the fiow of the mobile phase and filsd with 2 sample exéraci.  {Langer sampie loops
may be used fo iIncrease sensfAvity, however, they may degrade dwomatographic performance)
The: eariract is then injected by the valve being tumed so Shat the mobile phase flows through e
ioop.  This procedure virtualy siminates dead solume in the inpscior and is fuly compatinle with
aomaled opsrabon.

6.7 HPLLE purmnips

The mobile phase wsed for HPLE should be accurately pressurized before it enters the
injector.  HPLC pumps are generally capable of deiivenng soivent at B000 psi or above with
encelent precision.  Rale of delivery depends on the ocolumn used for the s=paraiion.  Flow
rates should be chedked by colecting column efiuent in a graduated cylinder for a designated
e period.

Most pumping sysiems are capable of changing sotvend concentration dunng an analysis
iLe., gradent siution). Gradents are generated by ether high pressure of fwa streams.
between the pump and fhe injecior or by proportional mxng of the solvents e ey are
pumped. In effer case, soivent moong can cause changes in the sobblity of dssoived gases,
formabon of bubbiles in the mobile phase, or non-reproducible gradients.

5.8 HPELC Cobumns

HPLL columns are generally construcied of stainkess sieel fubing and are sealed with
compresson fitings.  These columns should be corstrucied with minemem dead volome and a

rarTow particle size disiriution.  Manufacturers provide columns bonded with dessimibr
funciional groups fe.g., G, oyano, THS) and hase different percent carbon oading.

#8481  Useof high guakty colsmns fat are uniformily packed with the appropriate
partide sze and bonded phase will result in opdmal chromatographic periormance.  For
e@mmple, columns with siica-besed partides with free silol groups show less taiing of polar

malerals e.g., amines .

582  Asmaller paricle (and pore| see generally gives befer resolution, higher
back pressure, and smaler sample capacity.

583 Lfeame and perfformance of HPLG colsmns can be improved throwgh
proper mainienance.  Analyss should fiber sample edracts and use compatible guard
columns.

5.9 HPLE column termpesature controd cvens
HPLL retention tmes are more reproduabie f the oolumn is heid a2 a constant temperature.
Temperature control ovens capabie of mantaining the HPLE column at + 0.1 *C should be walized

o prowade corsistent retention times throughout e cowrse of an HPLG analysis.  Mormal oven
aperabing temperahure should be 3 < 5 °C above ambient aboratory temperature.

610 HPLC defteciors
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Deleciors are the ransducers that respond 1o companents sluting from a HPLC columni and
produce the slecincal signal used for gualitatee and quantiaifie deteminations.  SW-8498
analyses are conducied ssieciive defecions Of mass specrometers listed in Sec. 1.1,
HPLCMS involves the use of a sophisicated interface thal sepamates largel analyies from the

ajueous mobile phase. Examples indsde the thermospray (T5P), elecrospray (E5F), and the
atmosphenc pressure chemical ionimson (APCI) interfaces.

511 Dala systems

Raw chromalographic data hawe 50 be reduced in order 0 provide the quantiative
information needed by analysts.  Sophisticaled data systems are strongly recommeended for
£ -Bali chromatographic methods because the abiity o store and re-piot chromaiographic data
is imsaluable dunng data reduction and review.  Chiganizations should select e sysiem mos!
suilabie for Sher applications.

512 Supples

Chromaiographers use avariety of supplies.  Speafic tems fhat should be stocked depend
an aboratory instrumentation and the analyses perfomed. A3 a miremum, laboraiones need
FTFE tape, stainless sieel neguisiors, aod-sashed copper fubing. syringes, and replacernent
parts for insinuments.

£.12.1 Laboratories peforming GC analyses also need supples such as high
prurty gases, sorubbers for gas conditioning, gas-tght filings, capidiany cutiers, magrfying

#ﬁl , SEQLA Wit proper iempseraiune imis, appropriate Semules, dichlorodimethyisiane
deacivating mwrfaces), glazs wool, spare cobemns and imjection port liners.

f.122 Laboratories performing HPLLE analyses need supplies such as high purity
sohwents, columin packing malenal, frits, narow nner diameler lubing, approprate femulss,

solvert! filration apparatus, and soiven! degassing squiprment.

70 REMSENTS AHD STAWDARDS

.1 Reagent grade chemicals should be used in alliests.  Uniess obhweredse indicated, it
is imended that all reagents confiorm o the specifications of the Commises on Analytical
Feagents of the American Chemical Society, whens such specifications are avaiable.  Other
grades may be used, provided the reagent & of sufficientty high purity o pemit s use withou
leszening e accuracy of The delermination.  Reagents should be siored in glass 1o prevent
ieaching of conlaminants from plastic containers.

T2  Ses specific extracton and delerminative methods for e reagents and standards
reeded.

B0 SaMPLE COLLECTION, PRESERVATION, AND STORASE

Eample collection, pressrvation and siorage reguirements may vary by EPA progam and
may be specified in @ reguiation or projedt planming document thal requires complance
manioring for a gieen contaminant.  Whene such requirements are specified in e
fhey musst be folowsd. I the absence of specific regulatory requiremenss, use e informatian in

Chapter Four as guidanos in deftermining sample oplischon, pressnation, and siorage
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requirements. Additional information may be found in some of the individual sample exiraction,
preparation, and detsrminainee mehods.

a0 OUALITY CONTROL
a.1 General Gudance

Refer o Chapter One for guidance: on qualty assurance (S#) and ©F profocods.  When
inconssiencies exist beteeen OC guiddines, method-specific OC onteria take precedence over
both lechnigue-spedfic and Chapier One onteria; fechnique-specific 3G oriiena take precedence
oer Chapler One crilera. sy effort imeoiving oolleciion of analytical dasa should nolude
development of a struciured and sysiematic planning dooument, Such a5 a Ouality Assurance
Projed Flan (36PF) or a Sampling and Analysis Flan {547, which irarsiaies proec
and speoficatons imo directions for those that vail implement e project and assess e resuls.

Each labor should maintain a formal OA program. The laboraiory should also
mmm':;:nm“quﬁucﬂgmm. Develiopment of in-house OC
limits for each method is encouraged, as desonbed inSec. 56 Use of insrumeni=specific GC
limits is encowraged, provided such imits will penemte data appropriate for use in e nfended
apphcation. Al data shests and O data should be mamtained for reference or inspechon.

82 Evalualing chiomatographic perfformance

The !MEHMWI!IEMM“IH“MI
performance of dromatographic methods. jgeneration of dala demanids: selschion of

suitable preparative and determinaiive methods and an expenenced siaff io use these methods.

921 Foreach 12-howr period during which analysis is periormed, e
performance of Tie instrument sysiem should be checked.  These checks should be part of
a formal &E program that indudes analysis of instrument blanks, calirabion standards, and
other OC as appropnate for that method. I addiion fo thess instumen! G5 cheds,

performance of Te entiee analytical process [Le., preparation, cleanup and analysis) should
e monibored. THMMMWMNMMM:FW
spike dupicales [ME&WE0), aboraiony conirol samples |LEE), replicate samples and ofher
3C as appropriate for that method or project. 11 s generaly advisable, afhough not

mqurﬂ.lhdinﬂudﬁtmpﬂhem:hmﬂnhmmm:m

insinoment.

8232  Ongoing data quaiifty checks are compared with established periormance
criteria fo determine if the: resuls of analyses mest the characierishics of the
method andd'or the messurement guality objpschves | esstabiishesd dor intendisd
apphoatcn.

83213 In addition fo the guaniiative measures of comparson described beliow

and in the indricdual methods, analysis should evaluale chromalograms and msbrument
cperadon.  Cuestons that showld be asked include the: folloaing:

Do the: peaiks ook normal [Gaussan|?

Is the response ob@ined comparabie io the rﬂ.pu:ru.l.-fmn previous calibrasons ¥
dre non-langet peaics present in calibration analyses?

dipe comtaminants present in the blanks?

Is the injecior ieakng [e.g.. does e G5 imecior septum need neplacing )7
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Do the column fittings nesd tightening?
Does the HPLE guard column neesed replacement ¥

924  Significant peak tailing, leaks, changes in detecion response and laboratory
contaminason should be corected.  Tailing problems are generally raceable fo active sies
on the column, oold spols in a GG, mproper choice of HPLE motile phase, the detector
inket, or leaks in the sysiem.

=L Recalbraton of the msfrument musd take place when peformance
changes o the point that the: calibration verification acoeptance oritera (Sec. 11.7) cannol
b= achiesed.  Recabbration of the insTument should be performed as reguinsd per
deieminabve methods.

926  Bedore processing any samples, the analyst should demonsimabe St al
pars of the squipment confacing the sample and reagents are interference-free. This s
accomplished Swough fhe analysis of a method blank.  Each ime sampies are exiracted,
cleaned up, and analyzed, a method blank should be prepared and anatyoed for e
compounds of imeres! as a safeguard against chronic laboratory comlamination.  Corsull
fhe appropriate 3500 or 5000 series method for specifics of the preparation of method
blanks. The follzwing general puidelines. apply 1o the interpretation of method blank
resulRs.

9261  kethod blanks should be prepared at a frequency of at least
5%: one method blank for each group of up fo 20 samples prepared at the same
Ame, by fhe same procedures.  For volatie samples. analyred by purpe-and-irap,
preparation s eguivalent iothe analysis.  Thersiore, one purge-and-irap method
blani must be analyzsd with each group of up o 20 samples analyzed on the same
instrument dunng e same anakytical shift.

9262 When sampies faf are extracted together ane analyzed on
separate insiruments or in separalte analytical shifts, the method blank associated
v those samples (e.q., edacted with Te samples ) mus? be analyzed on at least
one of those insruments. A solvent blank showld be analyzed on all ather
instruments an which the st of samples was analyzed to demorssrate the
instnument & nof confnbuing confaminants b e samples.

9.246.2  Unless ohawise described ina deleminatve method, e
method blank may be analyzed immediatety afier She calibmabon venficaiion

standand o ensune $at Tere is no camyoser from the standard or at another point in
the analyscal shift

9264 When sampie exiracts are subjecied 1o deanup procedures,
e aszocialed methad Gk must alzo be subscied o the =sme dearup
procedures.

9265 Resufs of #e method tlank should be less than S lowes Lt
of quantitation [LLOA) {Sec. 9.7) for the analyle or less than the ievel of acoeplable

blank contamination spedfied in the approved GAPF or other appropriaie
sysiEmalic planning dooumend.

9266  Hihe method blank resuls do nof meet the acceplance ofsna

above, the abomdory should fake comective achon fo locate and reduce the source
of the contamination and re-exiract and reanalyze any sampies associxied with the
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contaminated method biank. | the method biank resulls S8l do nol meet e
acceptance critenia in 5,26 5 and re-analysis is nol pracacal, then the data user
should be prosnded with the sample resuls, the method Slank results, and a
disoussion of the comective actions undertaken by the laboratory.  Ouaificaton of
e samples may be nesded.

926.F  The laboralory should not subtract e results of $he method
blank from those of any associaled samples.  Such “blank sublraction” is
inappropriate for the: GiC and HPLE methods addressed here and may lead 1o

negate sample results.

9268 Banks - Before processing any samples, the analyst should
demansirate Twough e analysis of a method bank that eguipment and reagenis
are free from contaminanis and infederences. a peak is found in e blank $at
would prevent e idengfication or bias the measurement of an analyie, the analys!
should determine the source and elminate it, f possible.  As a contimuing chedk,
each time a baich of samples is exdracied, cleansd up, and analyzed, and wiben
fhemn is a change in reagents, a method blank must be prepared and analyzed for
fhe compounds of interes! as a ssquard against chronic aboralony contaminabion
Method blanks, frip blanks, and ofeer field blanks should be camed Srough all
stages of sample preparation and analysis. Al keast one method blank or
instnument blank must be analyzed on every nstrument after calibrabon standard|s)

and jprior fo the analysis of any samples.

9265 Banks are generally considered o be acceptabile if arget
analyte concentrations are bess than one-haif the: LLOO or are less than
project-spedfic requinements.  Blanks may contain analyte concendrations greater
fan acceptanoe limis if the assooated samples in the baich ane unaffecied (Le.,
famgets are nol present in samples of sample conoenirations ane =10 the blank).
iOther crilera may be wsed depending on the needs of fe project.

92610 Han analyie of imerest is found in a3 sample in e Baich nsar 3
concentration cordrmed in the blank [reder to Sec. 905 2, the presence and
oriconceniration of that anakyte showld be considered suspect and mary require
gualfication. Contaminants in the: blank should meet most or al of the qualiatve
idenafiers in Seciion 115 10 be considered.  Samples mary require ne-extraction
andior re-analysis § the blanks do not meet lab establshed or project
criteria. Re-exfraction and/or re-analysis is not necessary if the: anabyie
concentration falls well beiow the action or reguiatory limit or § e analyie s deemed
niat impaortant for the: project.

92611 When new reagents or chemicals are received, the: lab should
monior the bianiks associaied with sampies. for any signs of contamination. 1t is not
neoessary o test every nesw baich of reagents or chemicals prior io samphe
preparation i She sounce shows no pnor problems.  Hosever, f reagents are
dﬂr‘gﬂdﬂmlmpﬂ:ﬁmhﬁﬂﬂ.mmm:mﬂbumﬁﬂm
set of reagpenis.

926192 Method and'or sobven? blanks may also be used o oheck for
contamination by camyover from a high-conceniration sample inlo subssquent
samples [Sec. 4.2}  When analysis of such blanks is not possible, such as whenan
unatiended autosampler is employed, e analys should cansfully review fhe results
fior at leas! the: next sampie after the high-conceniraion sample.  H analybes in the
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Migh-concenfrabon sampks ars 0ol present in the subseguent sample, thezan lack of
carnyover has been demonsirated.  |f there is evidenoe that camyover may have

occured, ten the affecied samples should be reanalyzed.
= | inffal demorsiration of proficiency (I0P)

Frior o implementation of a method, each laboratory must periorm an I0P ooresistng of al
ieast four replicase reference samples spiked into a clean mainx taken through the entire sample
preparation and analysis.  Whensver a significant change o imstrumentabon or procedure
occurs, thes laboraiory must demonsraie that acceplable precson and bis can sl be cbtaned
by the changed condfions [Sec. 5.3 1)  Whenever new siaff members ane tained, an anakyst

0P must be perfommsd. {Sec. 9.3.2).

831 Demonsiation of proficency for instnument or method changes

Fam mmhlhumphpmprm-:npmﬂmmnndtl:.g.,:dwErn
solvent ), the IDP must be repeaied for that preparason procedure By @ minimum of
spiked reference samples.  ARerations in instnemental proced unes only, such s changing
GC temperature programs or HPLG mobie phases or the detecior inberface, reguine a new
caliration but not a new 1D becase the preparation procedure is unchanged.  Each
laboratory must haree policy for performance and documesntation of 0P

832 Demonsiration of proficiency for new analysis

Each laboraiony should have a training program which doouments thad a new analyst
is capable of perdiorming the method, or portion of e method, for whidh e analyst is
responsbie.  This demonsiraton should document that the new analys? s capabie of
sucoessiully following the S0P estabished by the aboratony.

For example, when analysts are trained for a subse1 of analhyfes for an BOOO series.
method, the: new sample preparation analyst should prepare referenoe samples for a
represeniatiee sel of analyies (e.g., Te primary analyie mix for Method 8270, or a mix of
dirodor 1016 and 1:260 for Method BOS2) for each preparation method e analysi will be
performing.  The insfrument analyst being trained will nessd io analyze prepared samples

isudh & semil-wnlatle exirachs).
933 Freparation of reference sampies
9.331 Referenos samples are prepared from a spiking soluSion

containing each analyle of imlerest.  The referenos sample: concenirate [spiking
:ﬂuhun:rmhcnmpmfm pure stamdard materials or puchased as certified
soiutions. 5 rederence standard should b= made from the same source as the
caliration standards o sliminale any additional varabilfy duee o dfsrences
betwesn sounoes.

9332  Preparation of the reference: sampie concentrate is d
upon the method being evalated.  Guidance for certain methods i isted in
Methods 1500 and 5000. 0 ofher cases, the determinaiee methods contain
gmmmmnﬁmmmmrﬂrﬂhmmﬁlﬁ
i no guidance i provided,, prepare a reference sample concenirate in methanal for
any warler-miscinle solvenit) ai a concendration such That the spike will provade a
concentration in The dean matrix near the midde of She calibabon range for each
analyte in that matrix.
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9333 Concentrations of target analyles in e reference sample may
be adjusted o reflect mone accuraiely the concentrations %o be analyzed by the
laboraiory. i the: conceniration of an analybe is being evalsated relative to a
reguiaiory imit or action level, se== Sec.9.4.1 for information on seleciing an
appropriate spkng kel

934 Evaluation

9341 Toevwluale the performance of the tohal analylical process,
reference samples must be handled in exactly e same manner as achsal sampies.
dudcitional LES or MSMED samples can be omitted.  Use a dean madirix for spiking
purposes {one withoul any tanget or interference compounds) such as onganic-fres
reagent waler for agueous matrioes and organic:free sand or soil for solid matrioes.

9342 Prepare and aralyze a1 lexst four repicaie aliguots of he
wel-mied referenos samples by the =ame procedures used 1o analyze achsl
samples |procedurs sechion for each of the methods).  This will incede a
comiinasion of fhe sample preparation method (usually a 3500 senes method for
extractable organics or a B000 senies mefhod for wolatie organics) and the

deiemminaine method (an BODD senes metihod).

9343 Calouate fhe mean recovery (1) and the standard deviason of
fhie recovery (5] for each analyie of imerest using the: four resulis.

9344  Muliple-laboralory performance data anre included in some
deleminative methods and mary be used as guidance in evaluating periormance in a
singie laboratory.  Howewer, comparnison with single-laboratony performance data is
much more indicative reganding expectations of how any indddual aboratory will
perform, than in companson wh mul-bboraiory data.  Compare sand § for each
analyte with e comesponding dala for precision and bias green in the:
performance fable ai the end of the determinative method. I 5 and {7 al
anakytes of inierest meet the approprate acceptance orena, then e
performance is acceplable and analyss of actual samples can begin.  Hany
individual 5 vale exceeds the predision kmit or ary £ value falls outside the
for bias, then the sysiem periomance mary be unacoeptable for that analyie.  Onoe
sufficient data poinis are awailable, sach laboralory is sirongly encouraged o
develop in-house confrod Bmits.

MOTE: The large number of analjtes in each of the methods presents a substaniial
probability that one or more analkyle will fail a2 least one of the perfomance
criteria when all anatytes of a geen method are defemined

8348 Pedformance data in many of the methods ane based on
single-laboratory perfommance.  As with mubpie-laboraiony data, e oieria n
fhose methods may be used 35 guidance when evaluating abomsory perfformance.
¥When comparing your laboratory data fo periormance data developed from
single-laboratony data, ceran analyles may be culside the lmits; howeser, the
mapriy should be within the: acceplance limils.

8346 When one or more of the analyies tai at leastone of the

performance oriteria, the analyst should repeat the: fest only for fhose analytes that
fal 1o meet citeria. | Rspeated falure, howeser, will confrm a general problem with
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fhe measurement sysiem. [ this ooours, locate and comedt e source of te
probiem and repeat e tesd dor all compounds of imeres! beginning at Sec. 9.3.4.

a4 katnx spike, laboratony comirod samples and method bEanks
941 General Discusson

The laboraiory must also have procedures for documenting the: efiect of the matnx
on method perfommance (precision and bias). Al a minimum, this cheds should include the
analysis of ai least one: mafrix spilke and one duplicate unspiked sampie or preferably, one
BEMED par with each preparation baich of up 1o 20 samples of the same matnx processed
iogether | Chapter One).  if samples are expecied o contain target analytes of concem,
laboraiones may use one mairic spke and a duplicate of an unspiked field sample a5 an
alternative fo the MSESD peir (Sec. 9.4.3).

For samples rsjuining an exdraction procedure separate from analysis (29,
semiolaties by Method BT, the MEMSD, or matri spike and duplicate sample, should
b= exfracied with the: batch of samples but mary be analyzed at any ime.  Comersely, if
calibration standands and other anakdtical OC are processed identically to the field samples
ie.g., volatiles by Method 5260}, the MSMSD, or matrix spike and dupbcate sample, should

b= prepared and analyzed conourrently with the samples.

wmmmdummmwmmm:mﬂmmmmu
sample matr itsel, e LCS results ane used fo verily that The aboratory can perform the
analysis in a clean mairic.  In the caze of wery cont@aminated samples or when e lab does
nol receive enough samples fo perfiorm a single matris spiios, an LCS and LCS duplicates
{LCED} may be performed 1o document predsion and bias.  &n LES should be: inchuded
with each preparaion batch.  The LES is an aliquot of the same clean |coninal} matn: used
fiar thee misthod blanks) and of 3 similar weight or wilumss as $he method blank and field
samples. The LS is spiked withi simiar analyies at the same concentrations as in the
mainy spike and is processed identicaly 1o the samples.

in the case of sampies thad need an extraction procedure separate from anakysis
ie.g., semhioiaties by Method B270), the LCS should be exdracied with $he batch of samples
ot vy be analyzed at any ime.  Howeser, if calibrabon standards and other analycal 3G
are prooessed identically fo the fisld samples (2.9, volatiles by Method 8260), the LCES
showld be: prepared and analyzed concurrentty with the samples and may also serve as the
condnuing cakbration verfication (S5W) standard.

MOTE: Han LCS also serves a5 a 00, acoepianoe criberta of the S0 should be wsed.
9432 Spking procedure for e MSMSD and LCS

The: solution used 1o forsfy a sample andior an LCS should contain all of the: target
analyles and thesr concentration kevels should be delermined as described in Secs. 9.4.1
and 9.4.2 For those methods that apply 1o a large list of analytes or that contain
compounds that may inferfere with an acourate: assessmend {ie., coslulng or mutt peak
analyles), a smalier subset of analyies may be used |see the specifics direcions in the
appograte ndeadual method ).

9421 if, as in compliance monkoning, the conceniration of a speofic
analyte in the: sample is beng checked against a reguiatony concentration limi or
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achon level, e spike should be at or Gelow the limit, or 1 - 5 tmes e background
comnoentration [if historical data are avaiabie), whicheser concendration is higher.

i fisioncal data are nol available, a badkground sample of the sames matric

from the sie may be submitied for matnix spiking purposes o ensure that high
concentrations of target analkyles andior imterferences. will not prevent caloulabon of
rECOveTiES.

HOTE: i the background sample conoeniration is very low or non-detect, a spie
of greater thamn 5 times: the background conoeniration is still acceptable.
To assess data precision with duplicaie analyses, it is preferable 1o se a
loear conceniration field sample o prepare a M5S0 for organic analyses.

8432F e concentration of a spedfic analyie in @ sampbe is not being
checked insd a limit speofic o that analyie, then the analyst may spils Hee mafric
spike or samphs|s| at the same concentration as the nelerence: sample
1Sec. 9.1.2) &l 20 tmes the estmated LLOG in e maine of mferest, oraf a
concentration near fhe midde of the calbration mnge.  H is suggested that a

background sampile of the same mafrx from the site be submitied as a sample for
maink spdcing purposes.

HOTE: Preparing the spiking soluSion from the same: sounne as the calibration
siandards helps minmize add itonal vanabikty due fo diferences betaeen

SOIMES.

94323 Todewelop predsion and bias data for fhe spiced compounds,
fhe analyst has two choioes: analyze the original sample, and an MSMED pair; or
analyze the orignal sample, a duplicate sampée, and one spked sample.
samples ane not expecied o contain the @rget analytes of conoem, then the
laboratory mary use a MSMED pair.  H samples. ane expecied fo oontain She tapgpet

analytes of concem, then the laboratory may use one mainy spike and a dupbcale
analysis of an unspiked field sample 25 an alternative to e M5S0 pair.

5424  Beginby analyzing one sample aliguot o defemmine the
background concentration of each anakle.  Prepare a mairi spke concenirate
acconding o one of the oplions desorbed in Sec. 942 1 or 8423

9425 Prepare a mairix spike sampie by adding the appropnate
wolume of fe main spike conoentraie o another aiquot of fhe sample fo yeld the

desired concentration [Secs. 9.4.2.1 and 9.4.2.7).  If MSMED analysis will be
performed, prepans a mainix spike duplicate sample from a thind aliguot of e
sampie.

S42E  Analyze the MSMSD samples using the same procedures
emnpioyed for the cnginal sampie, and calculate the concertration of each analyte in
fhe mainx spike and mathiy spice dupicate.  Likewise, analyze the LES samples

using the same procedures. empicyed for the crigmal sampie, and calculaie the:
conceniration of each analyie in fhe LES.
9431 MSMS50, Duplicate and LCS caloulafions

9431 Calouabon of % recovery (bias)
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Bias is estimated from the recovery of spiked analyfes from the matrix of
inierest.  Laboratory perfommanoes in a ciean mairix is esimated from S reoovwery
of anatytes in the LCS.  Caloulate the recovery of each spiied analyte in the mafrix
spike, matnx spike duplcate (f perfarmed) and LEE acoonding ba She folowing
formula

{‘El ‘:1:“] w1

Rivaary = HE = ]

|

Measured concentration of spiked sample abguot

Meazured concenirasion of unspiked sample aliquat (use O for LES)
HMominal [theorebcal| concentration mcreass Sal results from
spiking the sampie, or the nominal conceniration of the spiked

abquot {for LCS)

MEMSD recovenes may not be meaningtul if the amount of aralyie in the
sample = rge redabve 1o the: amoun spikedl

9432 Calodation of relatve peroent diference (RPO)

P o
Woion

Precision is estimated from the R0 of the concenirations (nat the
recoveries) measuned for MEMISD pairs, or for duplicate analyses of unspiked
sampies. Calculate RFD according 1o the formula below.

EPD = s =yl
(=)
whene:

C: = Measwred concentration of first sample aliquot
i = Measred conceniration of sscond sample aliqual.

HOTE: A diference in the amount of sample used for the: MSSIS0 results inan
artifically high RPD when based on concentration.  Using approdmabely
the mame sample sire or scalng the spike amownt b e size for the
MSMSD wall minimize bias in the B=0 calculaton for

544 FRecommended OC soceplance aitena for matrix spike samples and LS
The la should develop performance data for precision and bias in the

matrices of inberesa | . 8.E).  Imn addbon, laboratones shaould monibor method
performance in each matrix, throwgh the use of control charts and other techniques.
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bany methods may nol contain recommended acoeptanos criberia for LES results.
The: laborafory should use 70 - 130% as inlenm acceptance oriteria for recovenes of spked
analyles, untl in-house LCS limits are devsoped (Sec. 9.6). Where in-house imits have
been deseloped for matriy spike percent recowvenies, the LUCS results should be similar to or
fighter than those limits, as the LES s prepared in a clean mairi.

idealy, the acceptance oriveria for ME3A50 recovery and'or duplicate relathe %
difference wil be established for the field samples through the DO0s comlained in a witten
G&PP. These oiiera should be established with consideration given to performance dat
prowided in fhe reference method andéor by the laboraiony in order o avid overdy
conservative evpeciaions.  Inthe absence of sike- or projeci-specific acceptance ontena
fior matrie spike and duplcate OC sampies, thess oritena should be based on in-house
performance data generated by the: laboralory or on the performanoe data in the reference
method

Evwen when the project OAPF or deleminative mefhods provide: performance orilena
fior matrte spikes and LCS, laboraiories must develop in:house performance crierts bassd
an their hisiorical data for use in project planning and for comparison o any relesant
perfformance ofEna in the reference methods.  Deselopment of in-house performance
criteria s discussed n Sec. 56 Whers methods do conlain periormanoe data for the
mairix of interest, use Secs. 94 4 1 < 5.4 4 3 below as guidance in evaluating data

generated by e laboratory.

9441  When mult-laboratory performance data for the: matroc of
inieres! ane provided in e delenminadive method, compare the: recoeeny for each
analyte with e method performance data of the same magrix.  Green that such
method periormance oriena wene developed from mubilaboraiory data, they shouwld
e met by aimost al laboratories. See Sec. 9.6.10 for more information on
compansors between limits.  Performanoce data mclude an allosance for emror in
measurement of both the: background and spke concentrations.  H spiking was
ﬂﬂﬂmﬂilmbﬂiﬂbﬁﬂﬂybﬂﬂmlﬂhﬂuﬂhgﬂﬂbﬂt
recovery data in the reference: method, the necovery data in e method mary nod be
approprate for assessing the qualty of the sample resulis, and orilena generaied
from in-house data may be more relevant.

9442 When amethad i infally established in a laboraiony, the LES
limits mary be appled bo the mairix spkes untl the laboratory has sufficient data {a
mindmum of 20 or more ME&MED samples of the same matrod o generate el osn
stafstical kmits.  These data should be used as the basis for determining MSASD
precision and bias limes.  Alternalively, acceptance crilena based on historical LCS
data may continue 10 be used for evaluaiing bas in matnix spike recoveny and may
be more sersitie o matric efiecs than acceptance limits based on BSWSD data
I is penerally prefemble o wse siatisscally calculated MSWS0, mther than LES
recovery imits onoe sufficend data points have been collecied (e, = 20 MSMWMSD
samples). Ses Secs 961 - 953 for calouating in-house performance orfieria for
LES, MENMSD and sumogate recovenes.

945  Jso, compane the necovery data from the matri spioe with the LCS data
juse the average recovery f an MSMSD were analyzed).  f any individual %R in the

MEMIED falls oulside the desigrated flor recowery, the laboratory should determine if
femn s a mainx effect or a bboratory ance problems A matnx effect s indicated f
fhe LES data are within imils bt the M550 data exceed the limits.  Sumogaie necovery
dala [Sec. 8.8 should also be vsed o evaluate the data.  Becoveries of bofh matne spke
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Compounds and Srmogaies oulside of the aocepiance limis sugQges! more perashe
analylical problemns in the: baich andéor instnument than problems with e recovenes of

efther mair spikes or surogates: alone.

95  Swrmogale necovenes

2.51 His necessary that the laboraiony evaluate srmogaie recovery data from
lﬂmﬂ.ﬁu‘npl-::'.ﬁ'um-h:murmlr recovery imits.  General considerations for
develnping in-house acceplance criiena for srmogale recovenes are descnbed in Sec. BB

952 Swmgaie recovery is caloulted helow.

Concantrarion [or amosmr) faund
Rucowary (%) = {fﬂﬂﬂ'l'hl‘l"ll!lﬂ'l't [OF OFhSE add'ed‘]l x 1

H recovery s nof within in-house surmogate recovery mits, the folowing proced unes
AE MSCESSATY,

8521  Check for erors in the calodabons, surogaie sohuSons or
internal standamds.  © emors are found, recaloulate the data acoonnghy.

mﬂ.ﬁi.z Examine chromalograms for imerlering peaks and proper peak

8623  Check insinment periommance.  f an insirument problem is
idenffied, comredt the problem and reanaiyre the sampls or eadract.

9524 i no ins¥rument problem s found, the sample should be
re-=xracied and reanalyzed (or another vial reanalyzed for volales).

9528  Huponre-analyss (i either 9622 or 9.6.2.4), the necovery is
ajam not ‘within imis, report the data as an “estmaied concentabon” If e
recovery is within the: limits in the reanalysis, repor e rearalysis data for the
samples. H the method holding ime for the sample has expined prior fo

re-ziraction andior reanalysis, qualfy the data accordingly.

96526 Some samples may resd diution o bring one or mane t
analytes within the calibration ange or to overoomes significant miederences.  This
rnl'prl:ﬂlnl:i.lh:n-nfﬂrc sumogale resporses o e pont fhal recovenes camnol
be measured.  If surngate recoweries are avaiable from a lkess-diluied (or
undiluted alguot of the sample or sample extract, those recovenes may be used o
demonsirase fal the sumogates ane wishin the GC imis and no further action is

re=eded.
=1 Generation of performanoes crieria for BMSAEED, dupbcates, sumogaies, LCS, and
opP
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Us=huiness of develaping in-house periommance crileria and confrol charting or simiar

procedunss §a frack laboralory performance cannat be overemphased.  Marny data systems
and commencialy available soffwane packages suppord the use of coninol charis.

Frooedunes for caloulating in<house perdormance critena for MSRSD, LES and sumogaie
FECOVENEs are provided beliow.

261  Once sufficent data have been acquired and the recovery and RPD
calouated a5 in Secs. 943 and 9.5 for a ghven sample matrix, $e following statstics should
= uesd o caliculaie acoepianoe e,

89.6.1.1 Mean peroent recovery () and standard dewiation |s) for:

1) Each added tamget compound in fhe MSMSD samples;
2} Each added tamget compound in fhe LCS samples; and
3) Each added surmogaie in fhe field samples.

8612  Nean RPD and standand dewiation for MESMSD or duplicate GC
sampies.

#, minimum of 20 data points should be used 1o generale meaningful orilera.
Incusion of additional data should resull inmone robus! criteria Tt beSer desorine vananoe
in meeSod perormance and resulf in fewser codiers. [ H fhe lower im# of the acceptanoe
range is calculated io be <13%, i should be setio 10%. However, an abemative lower

lrmut be estabished by e at the lewel the
l::-:pl:::: rru'; by The laboratory or project through

962  Calkulate the upper and lower control limits for % recovery of each target or

surmgate oompound in LES, MSMSD and fisld samples using e respective £ and s
values calculated in Sec. 9.6.1.

dAcceptance range = § (mean percent recovery) + 3s [slandard deviaton|)

Lipper congrol imit= £ + 35
Loreer comirod bmil = § = 35

863 Caiculabe She upper control limi for She RPD for the MSASD wsing the
mean APFD value + A5 of the RPDs of historical M5S0 pairs. RPD should be calculated
based on the concentrason or amount, oot the spke recovery.

MOTE: The RPD limit only has a madmum value, because perfed agreement befween C1
and C2 would resultl ina RPD of 0. Referio Sec. 9.4.3.2 for the calculabon.

964  JAny mairic spilke or surogate recovery ouitside of control imis
necessiates evaluation by the borafony suchi as comparson with tee LES necovery.

8641  Hreoovenes of analyies inthe LES ane outside of Se oondmol
limts, Then the problern may lie with applicabion of the exraction andéor cleanup
procedures appled o e sample matrx, or with analysis.  Once the problemn has
=en identified and addressed, cormeciive action may include reanalyss of samples,
or extraction and analysis of new sample aliquots, including new matrix spike
sampies and LCS. Howewer, when there are a large number of aralyies inthe LCS
or mafrix spive, fhe siaistical probability of a few analyies oulside of confrol Bmils
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becomes high.  Therefore, a number of analyies should be allowed 10 marginalty fail
fhe imits wihoul requrement for cormectve aciion.  Laboralones should haee a
documenied procedure b assess and qualkfy marginal exceedance hmits.

9642 When LEE resuls are within conteol imits Dul matnix spike
resulis are nol, the: problemn may esther be redated fo the specific sample matnix or o
an Imappopriate choice of exirachon, cksanup, andior determinafree method. I
resufs are io be used for reguiatory complance monilonng. the anakyst must take
sieps o demonsTale thad e llﬂyhdml:cmmhedﬂumnn:lnlt L= g ]
matrx &t the ievels of inlerest

965 Once eslablshed. confrol imis should be reviewed reguiarty and updaied
an a routne basks as estabkshed by the abomsony's qualty management plan.  Revewing
appoprideness of hese cnberia with respect 1o generaied data is espeoally important for
newty implemented procedures. or those not in continual use.  The laboralory should
maoniior trends in bofh analyle recosery performance and also in the control limis.  Conirol
limes used to evaluate sample resulls should be Those n place at te ame of sample
analysis. Once control limits are updated, they should apply %o all subsequent analyses of

M SAmpEs.

966  For analytes, methods, and malnces wih very limied data je.g., unusual
analyies or mamoes not analyzed offen|, merim limes should be establshed usng asailable

data or by analogy o simiar methods or matrces.

957 Besuls used o dewelop acoceplance oiena should meel all ofer OC
crieria assocoiated with the deferminatre method.  For example, matric spike recovenes

from a GCMS procedune should be generated from samples analyzed after a vabd tune and
initial cabbration that indudies the matrix spiee compounds.  Analytes in GG or HPLC
methods should tall within the estabished relenban tme sindows in order o be used 0

develop acceplance oriiena.

9468 Laborafories are advised fo consider effects of spiling concentration on
matrix spike periormance criena  Accepance criena for mainx spike recovery and
precision are ofien a function of the: spike concentration used. Thersfore, use caution
when pooling data in establshing acceptanoe crieria. Mot anly should results all be from
roughly the same type mairi but spiking levels should also be simiar.

969 Smilarly, accep@nce criiena for mainx spke, LGS and surmogaie results
should all be generaied using the same combinaton of exirachon, deanup, and analysis
e —mg g (A mmpb.dunulmru_fmmmuu‘nph:ﬂrxhdhyubm
extrachon wih Shose edracied by Soodilet

9610 Anolher common &Tor in developing acceptanoe chieria s dscarding data
fhal do not meet a preconceived notion of accepiable performance (i.e., while professional
judgrmeznt is important in evaluabng dala vsed o develop acosplance oriferia, do nol discand
speciiic resulls simply because they do not meet one's expectabons ). This prachce resuls
in a censoned data sel, which when used o devsop acceplance criena, will kead bo
unreakshicaly namow oilena.  Rather, employ a sabhsacal test for gutler values, or af keast
caloulade the accepianos imis bodnh e and wilhout e resuls conscdened susped.
Then, observe the effect of deleting suspect data.

9611  In-house GC limis must be examined for reasonableness; | is not EPAs
intent f0 legitimize poor recovenes due o incomect choice of mefhods or spiking levels.
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In-house lmits should also be compared with the DO0s of specific analyses. For
m,mmiml:m:nTM, LES, eac ) ial include allwance for a
relatrvety high positive bias (9., T0 - 170%} may be appropnate fior determining hat an
anakpis ke pot preced ina cempls. | Howsser, they would B leee sppropriate for analyeic: of
sampies near bul beiow a reguialory limit because of the polential for high bias.

9.6.12 Hmay be useful to compare OC limis generated in the: laboralory with
performance data listed in speciic delerminatve methods.  Howewer, the anabyst must be
ZFware that periormance data generaled from muth-laboraiory ssudies tend o be signidicantly
wider than those generated from a single aboratory.

ar Lower Limit of Cuantitaion (LLOG)

The LLOO s the lowest conceniration at which The laborabory has demonstrated target
analyies can be reiably measured and reporied with a certain degree of confidence, which musi
be & the lowest point in the calbration curve.  The aboratory shall establish the LLOG at
concenirations winsre both quandiative and qualiatve requinements can consisientty be met [ses
Lections 9.7.3 and 116} The laboratory shal verfy the LLOQ at ieast annualy, and whenever
signficant changes are made o the preparation andion analytical procedure, o demonsirane
gQuantrizhon capakebty ai lewer concentrabion leveds.  The vertficabion is perfomeed by the:
extracion and'or analysis of an {or matnix spike) at 0.5-2 imes the established LLOO.
Additional LLOD sverfications may be useful on a project-speafic basis £ a mainx s expecied 1o
contan significant inleferences at the LLOG.  The vertfication may be accomphshed with either
clean conirol material (2.g., reagen! water, solvent blank, Ofawa sand, diatomaceous =arth) or a
repressniative sampie mamm, free of tanget compounds.  Optimaly, the LLOO should be less
fhan the desired decison level or regulatory acion level based on the sialed D3OS,

871  LLOO Verfication = The werfication of LLOGs using spiked clean control
maienal represenis a best-case sSCenarD because i does not evaluaie the potental masrm
efiects of real-worid sampies.  For the applicabon of LLOOs on a project-speciic basis,
with established DO0s, a representative madro-specific LLOO verthication may provide a
maore redable estmaie of the lower quanbiation bmit capabibties.

= e The LLOA verficabon (o be perfomed afier he initial calibration) is
Thﬁ:ﬁh‘gl:ﬂﬂ:ﬂiﬂmmmmm analyteis) of interes! at 0.5-2 times the:
LL OO concentration level{s].  Alternatreely, a representative sample matrix free of largets
may be spiked with the analyies of imerest at 0.5-2 imes the LLOO concentration levels.
The LLOO check is carned through the same peeparation and analybcal procedures, as
ermaronmental samples and omher OC sampies. R is recommended o anatyze e LLOG
werfication on every nstrument whene data is reported; however, 2t a minmum, the lab
should rotaie the verficason among similar analybcal nstruments such thal all are included
within 3 years. vently performed analyses, such as Methods B2E0C and BZT00,
shouwld hare amn check slandard be verfied, at mnimum, onoe a year.

973 Recovery of tanget analytes in the LLOQ verffication should be within
established n-house bmits or wathen other such project-specific acceptance Imits o
demonsirate accepltable method performance at the LLOA.  Until the laboratory has
sufficient data fo delermine acceptance imits, the LCS orfienia = 20% (Le.., lower imit minus
20% and upper limit pius 20% ) may be used for the LLOO acoeptance criteria.  This
practice acknowiedges the potensial for greater uncertainty at the low end of the: calibrabon
curve. Where practical, histoncally based LLOD acceplance crilena should be defemmined
once sufficent data points have been acquired.
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974 Reporting concenirations below LLOO - Concentrations that are below the
estahlished LU may stil be repored; howeser, thess analjtes must be gualified as
estmated. The proocedure for reporiing analyfes below the LLOG should be dooumeried in

fhe laboratory's S0F or in a project-specific plan. below the LLOG that are
reported mﬂrmﬁnWHllufﬂtqnlmmnnmmmm:nﬁu.ﬂ.&

98  itis reoommended St e laboratory adopl additional O praciices for use with
Bi00-senes methods.  Specific pracices that are most productive depend upon the: ssds. of the
laboralory, nature of the samples, and project-speofic requirements.  Field duplicates may be
aralyzed 1o assess precsion of the environmental messurements.  Wihen doubt exists over
identification of a peak on the chromaiogram, confirmalory lechniques such as GG with a
dissimilar column, element-specific detector, or mass specrometer [selecied ion monkonng o
full scan) must be used.  'Whenever possible, the laboratory shouwld analyze standard reference
maienals and parbcipate in relsvant peformance evalsaion shifes.

10,0 CALIBRATION AND STAMDARDIZFATION

Refer o the appropriate deferminative method for detailed calibration and standardization
procedunes and the general guidance as nobed in Sec. 11.00
11.0 PROCEDURE

Extraction and cleanup are oritical for sucoessful analysis of emdronmental samples. and

wasies. Analysis should pay partiouar atiention 1o selection of sample preparafion procedures
fo obrtain relable Measre ments.

1.1 Extracticn
Indradual delerminabye methods for analybes in 5W 845 ofien recommend
appropriate sample exiracion procedurss. jguidance on s=mivciatie exdtracion

procedurss can be dound im Method 25800,  Guidanoe on volable procedures can be found in
Etennd SO00.

112 Cleanup and separation

indreidual delerminative methods for omganic analytes in SW-545 ofien rscomenend
appropriate deanup proceduress.  Seneral guidance on cleanup procedures can be found in
Me=thod 3G00. 'Whie some relatively clean mairices (&.g., groundwaler samples ) may not nesd
extensive cleanups, the analyst should carefully balance time saings gainsd by skipping
cleanups against polential increases in irstrument downtime and loss of data quakty that can
OCCur 5 a resull

11.3 Chromatographic Pedomance

Recommended chromaiographic columns and instrument conditions are descoribed in each
detemminative method. s noted earlier, these oplumns and condiions are typicaly those used
during deselopment and festing of the method.  Howevser, other chromalographic syshems may
harie somewhat difierent characiensics as analytical instrumentation condnues o evobe.
Theredore, S -835 methods alloe analysts fiedbilty fo change conditions s long as adequate
performance & demonstraled
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periomance is demonsirated by resolSion of standards and abiity 1o
miode the response of the delecior during calibration; also important are sensithvity, bias,
precision, freqguency of talse positives, and frequency of falss negatves during analysis.  For any
chromalographic procedures o condibons used, the | mus! demonsirate that the

ce satsfies She analptical requirements. of e application for which the
chromaiographic procedure is being used.  Swch demonsirations should be performed using
procedures oudined in Secs. 9.2 < 86 of this method and in Chapter One.

114 infal Calibraton

Calbration of an analytical instrument involves deineasion of e relabionship between
response of fhe instrument and amount or concenirabion of an infroduced analyte.  The graphical
depiction of this relaorship is often referred 1o as the calibration curve.  To perform quaniftatre
measrements, this relationship, tsrmed inkial calbration, must be estabished before the

analyses of any samples.

Historically, marny analytical methods have reled on inear models: of She calibration

reiationship, where the instnument response is direclly proportional fo the amowunt of a tangel
compound.  The linear model has many advantages induding simploty and exse of use.

However, grven the advent of new detection techniques and because many methods cannot be
optimized for al the analyies o which they may be applied, the analyst is noreasingly liosly 1o
encounier sfuations whene the linear model nefher applies nor is appropriale.

initial calibrasion for 5W-B4E chromatographic methods invokes analysis of standands
containing the arget compounds at a minimum of five diferent concentralions within the working
range of e instrument.  In order o produce accepiable sample nesulls, srument responss
mMust be witin e mnge estabished by the nibal calibason.

Extrapolation of the calbration o concentalions above or below those of e aciual
calibration standards is not approprate and may lead 1o significant quanifiaive erors, regadiess
of fhe caliration moded chosen. I may be necessary 1o prepare calibraSion standands that cover
concentration ranges approprate for spedfic projects or types of analyses.  For inslance, the
analyst should nol necessarly expect bo perform a calbration appropriate for sub-pph level
aralkyses and use the same cabbration data for high-ppb or ppm-leve| sampies.  Preparation of

calioration standards is described in general terms in Sec. 11.4.1.

EW-B4E methods in this manual for quanifatve chromatographic analysis refy on ane of
free commonly used calibration approaches:

& [External standand cabbeation
imiemal standard calibrafion
[lsodopes diubion cabbraomn

These approaches are desoribed in general ierms in Secs. 11.4.2 - 11.4.4.

General calibation crteria are provided in Sec. 11.5 for 56 and HPLS procedures using
mon-MS detection.  Calibration procedures for GEME (e, Methods 5260, 8270, 5276, 8280,
and B290), HPLGMS je.g., Methods 8321 and BAZS), and GCFT-IR (e.g., Method 8410) are
descrbed in those methods.  Some determinative methods may provide specific guidance on
calibration such as Method BORS, GCMAED e compound-ndependent cabbration.
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11.4.1.4 For each analyte, 2 lerst ane of the cabbration standands
MUST correspond to a sample conceniration at or below The quantiabon levels
needed for e project; tis may include estabiishing compl@nos with 3 nsgulatony or
action imil. Given thai different limits may be assooated with diferent analytes, the
same standard should not be expected to fulfill this reguirement for all analyles.

11.4.1.8 Gventhe lange number of tangpet compounds addressed by
some of the methods listed inoSec. 1.1, it may be necessary o prepare several seis

of calibrafion siandards, sach st consising of different analyies.  initial cabbration
wiill then imvolve analysis of each of these seis of standards.

1142 [External standand calioration

External standard calibraSion is one of the: most common approaches o cakbrations.
I inwoives a simple compansaon of instrument responses. from the sample o the: taeget

COMmpaund resporses in e calibration standards.  Sample peak respornses ane compared
with cabbration stancdard peak responsss.  The ratio of the detecior resporse o the amount

imass| of analyie in the calbration standard is defined as fhe calibason factor [CF)

F _ peak respense of the standard compound
" mass of the compound (nanograms)

dvantages of exiernal standard calioration ane that f is simple and can be appied
o a wide variety of specific chromatographic methods.  The pimary disadvartage is S it

is greatly affected by stabiity of the chromatographic detecior system and pressnce of
chromalographic mnierferences in a sampls or sample exdract.

The CF may also be caloulaied using the standard concentration mther than mass in
e denominator of the equation above.  However, use of concentration in caloulating the

CF V;Irﬂcﬂﬁﬂtﬂﬂnﬂi‘hﬁrmmﬂ i calculate sample concentration (Sec
11.90.3L.

For muB-companent anahytes je.g, PCEs and tomaphens), see the appopriate
deleminative method for infommation on which peaks o employ for GF calouation

1143 Inlemal standard calibrafon

Imiemal standiard calibrafion involies companson of insTument responses fom the
target compounds in e sample o responses. of ofher slandards added (o the sample or
entract bedore injection.  Resporse of the target compound is nommalized fo fhe response of
fhe other standard.  This other standard is callsd an miemagl standard becauss it =
mmu-mudu sampks or sample exfract imjected nbo e
instrumentatsn.

i, constant amount of the nfenal standard 5 added oal sampless or exdracts.  That
same amounl of e inbernal standard s abso induded n sach of the calibraion standards.
in the sampie or sampie extract, the: peak response rabio of the taget compound 1o the
inlernal standand = compared with @ smikr ratio derred for each cabbration standardl
This ralio is termed the response facior (RF) or relafve response factor [RRF), indicating
fhat the: largel compound regpons: is calculaied relabee 1o that of She mfernal standard.
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s of internal standand calibration incdude St & can account for outine
change in response of the chromalographic sysiem as well as vanation in the wolume of the:
iniroduced sampl= or sample exiract. 0 addion o nurrrﬂmgﬂtputrupnnu-uﬂrt
famet compound 1o the response of the imtemal standand in e sample or extract for that
injection, the internal standand mary be used o calculale the relaave retention sme (RAT ) of
fhe tanget compound.  AIRT is expressed as a unitless quantity.

Reliveiion fme of the analyte

FAT =
Retentian fim off che inrernad srandard

¥ RAT is used by the laboraiony to eslablish peak identity, the RRT of each larget
anakyte in each calibration standard should agree within estabished Imits set by e
laboratory in their 0P,  These imits should be approgriaie for relable identidficabon of the:
targes anakjte.  |f this cnterion s not met and thene are no ofher mdicators of an analyie's

uuil'uhmdn.tm::lmry ue and probabilly mass spedral malkch |, That analyte
may nal be considered as uﬂdwﬁ"

The RRT of fhe analyte in e sample should be within the RAT limits of the analyte
in tee standards.  H this orilenon is ol met and $ere are no cther ndicalors of 3

component’s identificabon (such as a very unigue and probabdly mass speciral
maich}, that companent may not be considered as ident by RAT.

RRT evaluafion allows the analyst fo compensate for modest shifis in The
chromatographic conditions $at can occur due o inlerferences and day-to-day nstrument
varabity. Many methods that emplioy imemal standard calibration use more than one
internal standiard; targst compownds ans retatesd o e intemal standards based on similarey
of ther respective chromatographic retention imes or physical and chemical properiies.

Frincipal dsadwantages of internal standand calbration are fhat mernal standands
must be compounds not found in the sampies to be analyzed and they must produce an
unambiguous response on the chromaiographic detector sysiem.  Mamy SW-846 methods.
recommend brominated or fluarinaled compounds and'or stable solopicaly abeled
analogs of taget compounds je.g.. 3 compound contaning a deulenum atom inslead of
hydrogen, or a “C atom instead of a “C atom) as iniemal standards.  Isolopically labeled
Ccompounds are mast often empioyed in MS detechon methods because fhe delecior can
dﬂﬂcmltbehuﬂﬂﬂmh‘gﬂmnwuﬂruIMWlMimmmﬂmh
added mass even when the fwo compounds ejuie at the samse refention ime.  In general,
internal standand calibration & nod as useful for GO and HPLC methods with non-MS
deieciors because of the inabiity io chwomasographically resobe many mternal standards

from the target compounds.

iniemal standards recommended in many S5¥W-846 methods were used durng
development of the method.  Analysts may empiloy other internal standanis in place of, or
in addition o, those recommended. | inlermal standards are not recommended in Hhe
method, the analys! should seled] one or mone compounds similar n anaktical beharsor to
e analytes of interest and not expecied 1o be found in the samples.  WWhichever inkermal

shandards are smployed, e analyst should demonsirats (as detadlsd n e delerminaiee
method) fhial measurement of the intemal standard is not affecied by targes analytes,

surogates, or mainy merferences.
¥When preparing cabbrabon standards, add the same amount of the ntemal standand

solution 1o each calbration standard.  Therefore, Te infernal sfandand concentration s The
same in each calibration standard, whereas concentrations of e tamget anabyies will vary.
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The inlemal standard sokfon may contan more than one inbernal standard, and ther
relatrve concenirations may differ withen the spiking solution.  Howeyer, e mass of sach

internal standand added 1o the sampies or sampie extracts mmediately before npschon
must be the same as in each calibration standard.  The volume of the inlemal standard

soiution spiked imo 3 sample exiract should cause minimal diuboni of tre exirac.

An ideal inlemal slandard conceniration would yield a response factor (RF ) of 1 for

3 an . Howewer, this s unkketly o be e caxse when dealing with more than a few
hrptims. Theredore, a5 a genaral rule, the internal should produces an
insinument response £ 100 fimes. thad prodwsced by the least responsie arget
Fssociated with the imlermal standard.  Thes showld resut in a mimmum RF of approcomalety
0.0 for the least responsive target compound,

For each of the infial calibration standards, calculaie the RF valwes for each target
analyie relafive 1o one of the intemal standands as follows.

A, x L
PE=—"%""Is
Ay x Ly

wihene:

A: = Peak response of the: analyie or surrogane
Air = Peak response of the intermal standard

- = Mass of fhe analyte or sumogate in the sample abguot
2= = Mass od the mernal standard in e sampie aliquot

Response factors for GCAMS methods may also be caloubted using sums of the

areas of two ons (expressed as mass ower charge, m/z) for each 1arget analyte and imermal
standardl

Bole that in the equation above, RF s unitiess.  Thensdore, units such as ng or |59

may be used for amounts of fhe analyle, sumogaie, and internal standard, provided That Shey
are uniform.

Because inlemal standards are used fo compensate for routine varations in the
chromaiographic separation of tanget compounds, there is a sigreficant advantage o using
maore fan one intemal standanrd when dealing with a lange number of target compounds or
when those compounds sife over a long hmeframe.  VWihen muitiple inbemal standards ane
mmwm:nmmmumnwﬂmum:mMr
respecine retlerfon times.  Themrefoee, the inkernal standards showld b= chosen 1o cover the
expected refention ime range of the target compounds.  Accondingly, infernal standards
can compersate for smal relention ime shifts or esponse changes in the poron of the
chromatographic run in which Shey oocur.  Ideally, e analys! will employ enough inksmnal
standards o result in a AR T for each target compowund incthe ange 0080 - 120, hough other
RAT ranges may be appropriate as well

Many methods that utlize memal standard calibrason node acceptance limiks for
responses of the imemal standards in the: calirabion standards, sampies, or both.  Those
limes are typicaily expressed in tenms of peak areas because the concentrabion of e
internal standard cannol be measured directty (2.9, one has o assume Tl e entre mass
injected inta the sample or sample extract s present dunng analysis).  Common consensus
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limits are B0 - 200% of the area of the inlemal standard i the most recent calibration
slandad.  Repressming a facior of bwo, these Bmis e used as a gross diagnoshc check

on addrion of the imemal standards %o the samples or extracts and impsction of the sampie
aliquot imo the: Instrumens.

1144 |=ofcpe diution cabbraton

Isoiope diution cabbration is a specal cass of Ficsnal standard calibration.  In
isolope dilubion, the imtemal standards are stable sotopcaly labsied anakogs of e taget
analyles and are added 0 the sample prior o extracion or cther sample preparation seps
such as pH adusiment, drying, or extrachon solvent addibon.  Prysical and chemical

of each labeded compound are virhsally the same a5 s unlabeled “nafve®
Thuss, any losses of the targel compound hat may coour during sample prepaabon or
deleminative sieps will be mimored by a similar loss of the abelsd standand.  Similarities
betaeen labeied compounds and unbbsled anaiogs mean that RFs and RATS for the
uniabsied compounds are very chose b 1.0

Labelsd compounds are spiked o samples and shandards at a consiant amound.
FFs developed from the cabbration stamdards assurme that all of the labeslesd compounds
added o the sample reach the rsirument.  This assumpiion, fermed recowery cormectian,
allras for oomection o chsersed concentrations of She targe! compound relative fo s
labeded counlerpant.

The degree to which the labeled compounds meet this assumption is monitored by
mdm“mmmﬂtﬂhlmanﬂﬂiIﬂMDmh
injection. Separaie RFs relale the conceniratons. of the labeted compounds o e
radrbonal inkernal shandards.  Scest isolope dibfon methods nolode some imiks on e
apparent recovery of the labeled compounds.  Howeser, those imits are often consensus
limis #ad may be overly conserdalive.  As long as responses for bofh nairee and labeled
mrmmnd:mhﬂthtnguu#ﬂﬂfmmlthﬂg‘nuﬁlrﬂiumﬂm,n:ﬁpﬂdhhm
calioration can provide excallent results, evwen when the apparent spke recovery of he
labejed compound & low.  Labeled compound recovenes >100% are aliowed as wel.
Ewch reooveres can ooour as @ result of e inherent vanabikty in calibabon of e labded
compounds, and are not indicative of contaminstion o other problems.

Built<in recovery comection is one of She principal advantages of solope diluion
caliration. Isotope diution requires an MS detection sysiem and isolopically labeled
analogs of rget aralyies and generaly produces. more precise data with lower bias. The
added oost of solopically labeled compounds is a dissdvantage, but can be offsed by higher
qualty data, as wedl as siminating some ouane 05 analyses, such as surmogales and
MEMEDs used wih imernal standard calibration.  Howewer, whether or not 1o add
surmogate or prepans BMESMSD abguots showld be described in a QA&PP and not left o e

analyst's professional judgment.

Isoéope diution calbration is often used in conpuncion with selected ion moniionng
i S1M) GCMIS procedures, such as those for polychionnaied dibenzo-pe-dioxins and
polychiornated dibenzofurars.  These procedures, along with @ relativety small list of
famget compounds, allos e instnument 1o be cperated n & mode thal detects only those
ions | M) comespanding o the argel compounds and thesr labeled analogs; this applicason
signficanty increxses the sensavey of e method and reduces neeferences.  Because
isolope dilution methods have aocepianoe limits: for recoweery of the labeled analogs added
o o exirachon or other =asmpls preparaton sieps, these methods typscally do not confain
limits on responses of the fradiional intemal standards used %o monfor those recovenes.
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i, RF is calculated for each target compound relatie fo its labelsd analog and for
a0 labeled analog relatve o e radhonal inkernal standard addsd mmedately pnor 1o
injection. Thess= caloubbions may imolhve areas of more than one jon () for each
compound [2.4g., Methods 8280 and 82940).

1145 Extracted internal standards

Extracied internal standard calibrabion s a hybrid of intemal standard calibaSon and
isolope cikBon calbrabon.  Inthis approcach, trsdibional inkernal siandards are adoded o the:
sampies before exiraction imstead of just prior fo analysis.  Resulls for e taget
compounds can be oomected for necoeeny of She inbemal standarnds: using the same
assumptions made for sotope diution.

This approach is most helpdul when the compounds used as inlemal standands are

wery dossely relafed to the tanget compounds.  1Eis similar fo e inlemal standard proosdune:
used for volatie crganic analyses by purge-and-trap or headspace: exdracaon

11.6 Cabbration models and acoeptanos criteria

EW-B4E chromatographic methods aliow the use of three different calibrafion models:
average calbbration facior or reesponse facior {Sec. 11.5.1), linear regression (Se=c. 11.8.2), and
mon:-linear regression (S5eo. 11.6.3).  &ny of these models can be applisd fo efher exdernal or
internal standand calbration datac  This section also provides suggested onitena for cabbration

models; however, mediod: of project-specic oiena wil aleays supersede general guidanoe.

Choice of calibrabon model mary begin with the simplest approach, the average calbration
factor or response tacior moded, and then progress through inear and then non-inear regression
wrtll the cabbration accepianos cnberma ane met.  Another appropnale approach s o choose &
calioration model based on previous expenence, knowledge of the physics of the detecior, or
specific manuiachrer's recommendasons.  For e calibraion model §o be usable, it must be
conbnuowes and monotonc Sroughout e calibration range.  More calibration poines are required
for more complex models.  The chromalographic methaods in 5W-845 empiloy a minimum of fve
standards for average resporse facdior or linear (firsi-onder) calibration models, six standards for a
gquadrasc [second-order| moded, and seven standands for a cubic {third-omer) maodel

MOTE: The oplion of using non-inear calibraSion b= neosssary o address speciic
instrumental techmigues.  Howsever, @ is not EPA's imlent o aliow non-inear calibraiion
hmﬂuﬂth:ﬂuﬁh’nﬁlﬂntu’:nﬂp‘:pﬂrrmrtm.
Regardiess of the calibration model chosen, an X value of zeeo should nol be induded
% a calibrabon point.

The follrsang seciions desoribe various opions for imibial calibrabon evaluation and provide
e calibra@ion acceptance oiena used o evaluaie each opbion. I addion fo this suggesied

acoeptance crilena, bwo general methods for as the acouracy of the calibration curve for
all allraed ourse models ane pressniedn 11.54. s recommencesd et esch callbadon

model be nspected bo ensure that the daia are representatve of the model chosen as descrbed
in Sec. 11.56. Whichever calibration model is ssiecied, samples with concentrations that
enpeed the calibration mnge must be dikted o fall within the mnge.  Criteria lisied in hess

sections are designed for quantiation of frace-level concentrations of the analhytes of interest.  If

data of lower quality will satisfy project-specific data needs, ess siingent orilera may be
empioyed provided they are documented and approved in a CWPP.
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11541 Linear calibration using average calbration or resporse factor

iz calculated in Sec 11.4, each CF or RF represents the siope of the line bebwesn
fhe ongin and the gven standard response. | the redative standand deviation (RE0) of
wariadon in the faciors is < 20%, the Inear model is generally representative over e rmnge

of calibration standards. Representabiveress beyond the range of calibration standards is
nol io be inferred. A3 lieast five calibration ievels shouid be vsed o construct the average

iCF or AF model [Sec. 11.5).

To evalugie inearty of the initial calibrabon, caioslate e mean CF |(edemal

shandard cakbratom ) or H.Fﬂlrlm slancard calibrason|, the mmmxm:.m
e RS0 (abo called coeScient of varianoe, €V as folloes:

D = |IZ'"'J”" i 5D = JlE“mE sl

y n—1 n—1

mCF . . RF,
:rn.m::rtEF:EF':'E' Jall. m::rtﬂ'F:EF':'E’ L
n m
£0 £n
RSB:E.FIIEH] HEF:ﬁxiD{I

here m is the: numiber of calibration standards and RED s expressed as o peroentage ()

11611 I the FED is <20% over the cabbration range., fhe slopes of the
lines for each standard are sufficiently close o one another that the use of the: linear
model is generally appropriate gyer the range of standards o are anatvzed: CF or
RF mary be used to defermine sampie concenirabions.  Alermatvely, sither of the
w0 methods described in 11.5.4 may be ussd 1o delermine calitration function
acceplabliy.

MOTE: The RED mpﬂuaqmiath:f;ugﬂdﬂlmlm
regression kne Tal i foroed throwgh the angin.

11.61.2 Green the pofentially @nge numbers of analytes that mary be
anatyzed in some methods, it is likely Shat some analytes may exceed the
acceptance: limit for the: B0 for a given calibration.  |In Shose instanoes, it is
recommendsd, but not rsguired, thal cormectfye actions as described in Sec. 11.5.6.1
be folowed. Sec. 11.6.6.1 also provides alemative uses. for initial calibasons that
dao nol mest Ther oritera of aco=ptabiity.

11.5.1.2 Caloulation of sample amounts:
i al the conditions in Secs. 11.5.1.1 and 11.5.1.2 are met, e LF or BF

may be used o delermine sample concentrations, as desoribed inSec. 11.100 His
recommended that the curse penerated by the £F or BF be examined for
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acceptabilty wsing the refitting cheos descrbed in Sec. 11.84.1. The calculated
amount intnoduced inba e nstrument, K, i

F |
and .E'.:ﬁ:r

A

& = Calodated mass of the analyte or sumogaie in the sample
abguod introduced info the nsFument (nngj

A: = Peak response of the analyle or surmogate in e sample

Ay = Peak response of the intemal standard in the sampile

a2 = Mass of the inlermal standand inthe: sample aliquot infroduced
n%o the inssrument (in ngj

TF = Awerage cabbration facior from the miost recent indial
‘allbradon

RF = Awerage RF from the most recent initial calbeation.

Linfts for the mass of anaiyie should be She same units used fo caloulabe the
GFsor AFs.  f diferent units are ussd for amount (eg., pgil), thess calculalions
and those found in Sec. 11.10 showld be adjusied acoondingly.

11.52 Linear calbration using a leas! squares regression

£, linear calibrabion mods based on @ least squarss. regression may be employed

based on pasi experienos or & priod knowledge of the insfument respons=. Based on the
professional judgment of the analyst, this approach also may be vsed for analytes that do
meel the RED oriteria in &= 1151 This is mosi easily achieved by performing a inear
ieast squares regression of the instrument response versus e mass of he
chromatographed analyie.  Treat the instrument response as the dependent warabie ()
ard the amount as the mdependent vanabls (2L Trnulﬂth:lrm.lmmﬂmduﬂ
simply a graphical convention. A1 least five calibration levels should be used 10 construct
fhe inear regression moded (Sec. 11.6)

For external standard calicration, x is the mass of the analyte in the sample aliguot
introduced into the instument and y is the iNSTUMENt response.

=0y y=dAg

For an imemal standard calbration, ¥ and J can be assgned in vanous s3ys

whene 1 iz She amount of the analyte nnoduced into the instrument and @ s the insrument
response to that anatyte.  Two opbions are provided here using the mass introduced imo
the nstrument. | other assignments for ¥ and p are used, =.g., concentration, subsequent
equations ussd for calouating mass of the analyie inToduced imlo the: instnament mus! be

changed acoordingty.

Opfion 1: X is the mass of the analyie in the calibrabon sandand aliquot ininoduced into te
insinument and ¥, is She rato of response of the analyle 1o the response of
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int=rnal standard ames the mass of the miemal standard in the cabbration
standard aliquol mtroduced o e instnument.

X =£ and P".=..l,||:E
Ay
Oplion 2 x is e ralo of the analyte mass in the calbration standard aliquol infroduced

inko e rstrument o e inbsmal standand mass nihe cabbrabon standard

abquot imroduced inio the instrument and y is the raso of response of the anakyte
fo the respomse of intermnal standand.

& = Mass of analyte in the wolume of cabbration standard introduced
o the msFument

{Zx = Mass of internal standand n the wolume of calbration standard
injecied imo the: nstrumens.

A: = Peak response of analyte.

Az = Peak response of inlermal standard.

&, inear least spuares regression atiempts io consrudt a linear equation of She fonmm,
F=ax+ b
by minimizing the: sum of squared difienences betwesn the cbserved response [y, The

instrument resporse) and the: predicted response [y, e response caloulated from the
consinuched equalion) a2 each calrabon keved.

W'eighing e sum of the squanes of the diferences may significantty improve the
abiity of the least squares regression 1o fit the linear mode 1o the data, especially at e o
end of the cakbration curve.  The general form of the sum of the squanes of the: differences

containing the: weghiing tactor is:

Z“'ILH -wF

wihens:
i), = Weighang tachor for the i« calbration standard (w=1 for unvweiginted
least squares regression, o 1/ or 1 for weigited kst squares
MEGressian|
= Dibserved insinument resporse for the: (™ caliration standard.

¥i = Predicied [or calculaied ) responss for e i calibraton standard.
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n = Tobal number of cabbeation standands.

Mathematics used in ieas! spuares negression favors numbers of lanper value over
rumbers of smaller value.  Thus, umsreighied regression ourves will fend o fit points $at
are at upper cabbeabon levels betier fhan those poinis 2 lower calbration kevels.
concentrations of conoem are at iower cabbration levels, an unweighbed regression ourve
f=nds fo give less acourate results. & weighting facior which redunes. this fendency can be

Lsed 2% CompeTsabon

11.6.21 Do nof inchede an X-walue of zem as a caliorabion point.
However, most dala sysiems and many commencial software padcages. will allow the:
analyst io Soroe® the regression theough e ongin. - Forcing the curse: through the
arigin is nof the same as moduding the ongin as a fictitious point in the calbration.  In

essence, | the cunee is foroed through the origin, the: intercepd 5 set 1o 0 before the
regression is caloulated, fhereby setting the bias o favor the: low end of the:
calioration range by “pavoting” the function around the: origin fo find fhe best fit and
resuling in one less degrees of freedom. [t mary be appropriate o force an
umaeighied regression Tough the angin for some calbrabons, Dot nol when e
FEQression s weghied.

Howeser, fiocing the regression fvough e ongin may BOT be vsed a5 2
rationale for reporiing resulis below fhe calibabon range demonsiraled by the

analyss of the standards.  Resulls should not be reporied at a concemirabon below
fhe LLICKS) unless qualiied as estmaied.

11.6.2% Inthe speciic case of an unseighted linear least sguarnes

regression (Le., a regression that vanes both @ and bj, the cormelation cosfficient ()
can be ussd 10 measure e goodness of §t.*

REL 5¥ — B 5 B W

{JHE“ x* — (B II.::IE} (Wl ™ — (s wF)

r=

The value of ris such that - < r=+1.

The nsinument data sysiem will typically caloulate r. A0 rovalies of +1.00

indicales a posiive perfect comeiation; an resaiue of <1.00 indicates a negaive
perfect comrelation: an roabse of 0 indicabes. no comelatian.

Howewver, if the regression iine is forced through e ongin or the wesghting
facior iz wanable, then e cosfficient of determination, more ofien lermed . should
b= used fo measure the “goodness of fit°, such fat 0% ~<1. This shows the
sirength of fhe associafion befween x and . The 7 walue alows the analyst 1o
delermine the: peroent of She data closes? bo the line of best fit.  For consistency, it s
accepiable o use r for linear Unweighted ourves as well.  An - value of 1.00
indicaies thal all vanabdiby in response 15 dus 1o vanahon n concentraticn.

In onder for the inear regression model fo be used for quani@atwe
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purposes, rof - should be = 00955 or 0.59, respecivesly.  Altematively, effer of the
w0 methods described in Sec. 11.8.4 may be used fo delermine whether e

caliration function meeis accepance ofierna. | s recommendisd $ai fhe resuling
calibrabon curse be nspecied by the analyst a5 desoribed in Sec 11.5.4.1.

11623 To calouate fe mass (x) of the analyie in the sample abguos
introduced info the instrumend, e egression BQUaSoN is reamangsd.

i

a

External standand calioration aliows the mass of e analyte in the sample
aliquot mircduced nfa @ retrument o B calculated.

g B)
X, =

For the imiemal standard method, T calculafion will depend oo which od
e tan oplons desoibed n Sec. 11.6.2 is chosen.

{!..Il:ll I:'“ !}—b
thption 1 .H::‘.“—
o
Aoy _ B | =&
Option 2 xl:{{]:}a}l:u
wihene
Xr = Calouated mass of e analyte or sumogale in the sampie

abguod infroduced info the mstrument (N mgj
A, Peak response of the analyie or surmogaie in e sample
Ay = Peak response of the memal standard in the sample

£ = kass of the inlemal standard inthe sample aliquot ntroduced
n%o the insfrument (in ng.

Unes for analyte mass should be the same a5 Tiose Used 10 delemmine e
regression equabon. | akernative units such as concentrations are used, calculabions for
fhe final sample concenirations found in Sec. 11.10 should be adjusied acoordingky.

11.53 MNondinear calibrabomn
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In shabons where the analysi knows e insinument response does not folow a
linear model over a sufficiently wide calibration mnge, or when ofher approaches described

hezre have nol met acceplance criera, 3 non-inear calibrabon model may be employed. AL
least six cabbration levels are recommended o consinect a guadrabic |second-order)
calioration curse, and af ieast seven levels should be used for & cubic | thind-oner) curse
iSec. 11.8).

MOTE: E s not EPA's imlent o allow non-inear calbrafion o compensate for defector
safuralion or io awaid peoper instnumenl mainienance.

WWhen a calibration model for guanitation is ussd, the ourve must be conlinuous:

confSinuowsly diferentiable and monotonic over the calibration range.  The modsl chosen
showld have no more: than four pErameters, as in this egquation:

¥= fiabed,x)

when= f indicates a function with up to four parameters, a = o, and x is the
independent vanable. If $he model is polynomial, it may be no more than hird-order, as in
fhe equation:

y=ar'+ by’ 4 ex+d

¥hen the linsar negression moded is used 1o estimaie moded parameters for the
calibrabion daka, e rsiumental response (] mus: be treated as the dependent varabils,
and the amownd of the calbration standand (k) must be the ndependen! variable. An
x-value of zero should mot be included 2s a calbeation point, alRhough the curse may sither
be weighted or forced theough the origin s long as cabbration oritesia are met.

Model ssimates from the rsgresson must be ussd as caloubdsd, and no ferm jLe.,
&, b, ¢, ord) calculated as a result of the: least squanes: regression can be modified.
WWsigihting in a calbration model or Erwough Bhe ongin may significantly improve the
abilfty of the ksast squares regression fo fit the data at lower concentraton levels.
However, forcing the regression Swough e ongin may MOT be used 2= a rationale for
reporting resuls below the calbration range demonsiraied by the anakysss of the standards.

11.5.3.1 Linear and non-linsar least sJuans rSyessons ans
mathemabcal methods gl mnmize déerences (e residuals) betaeen chserved
instrument response, . and calculsied response, v by adjustng coefficents of the
pohmomial (2, b, ¢, and ) to obtain e polynomial best filing the data.

The coeffident of delermination (Fmay be used a5 a measure of
goodness of it See Sec. 11.5.2.2 for the definition of .

11.5.2.2 Under idsal conditions (2., a “perfect” ff of the mode to the
data), e r will equal 1,00.  In onder o be an acceptable nondinear calibration, the
i must be = 0.58.  Alternaifvely, effer of Se tavo methods desorbed in 11.5.4 mary
be used 1o determine calibration funcion acosplabiity. [t is recommended that the
resuling calibrartion curve be nspecied by the analyst, as descrbed in Sec. 11.5.4.1.
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dis noded in Sec 115, whicheser of these options s empioyed, an analyie
o surrogale concentration must tall within the calibration range.  Analysis are also
adviesd fo check both sscond- and thind-order calbration modeds o ensore thad all
fangents 1o the: curve within the calioration rmnge are of the same sign and no
tangent is zero.  Samples with concentralions that exceed the: calioration ranmge
must be diluted to fall within the: range.

11.5.4 mmmwﬂm‘ﬁnlhmm

Either af the bwo procedures descrbed in Secs. 11.5.4.1 and 11.5.4.2 be used
o delermine calibration tunction In::ﬂll}'fnriﬂ'lrﬂn:ﬂtrnm.ﬁhuﬂ
inchude refitting e calbration dala back 1o the model.  Bothi % Eror and Relatve Standard
Ermor [REE | evaluate the difference befween the measured and She tnoe amounts or
concentratons wsed o creale the model

11.5.4.1 Calouabion of the % Emor

%E‘rrur:r'f:l" x fig
]

wihers:

=
1]

¢ Measured amount of analyie at calbration ewel L, in mass or
oorcerarabon uniis

o = True amount of analyte at calibration leved §, in mass or
concerfrabon units.

Percent emor beteeen e calculated and expecied amounts of an analkyte
should be £ 30% for all slandards.  For some data uses, 280% may be accepiable
fior thee lowest calibration poind.

11.5.4.2 Calouation of Reladve Standard Emor (ASE - aapresssd &5 %)

RSE = il}l:latJZ.l%]f{n—p]

o = True amownd of analyte in calibration besed A, inomass o
concenfrabon units

%7 = MNeasured amount of analyte in calibason level §, in mass o
corcerrabon units

£ = Humber of wms in the g eyusion
(ovarmpe = |, linlar = 2, guadnaie = 3, oz = 4]
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8 = Humber of cabbrabon pongs.

The BSE acceptance imf ofierion for the calbration model is the =ame a5

mie RS0 limitfor CF or FF in the determinative metiod.  IF 52 RS0 limit = not
defined in e delerminatee method, She imit should be set at <21% for good

[ oompounds and =30% for poor performing compounds. & kst of knosn
poorty ing compounds can be found in Sec. 16 of s document
1165 DOata ransdomasons

dn understanding of She fundamental beferdor of the detecior e wrmed] i
m:mmnm:ummb:mumﬁm. For
exampie, The response of a flame photomeinc detecior in the: sutfur mode & known fo be
proportional io e square of e sulfur concentration.  Thensfore, using the data sysiem o
faike thee square root of the instrument resporse: or peak hesght allows for a calioration factor
approach rather Tan a polynomial cabbraton oonee.  Insinoment respornse may be

fransformed prior o any calculaions (inchuding integration)) subject 1o the: follosing
Constrainbs:

11.5.81 Any parameters used in the ransiormabon must be fiaed for the
caliration and all subsequent analyses and venfications unbl the next calibraSon.

11.5.52 The ransiormation model chosen must be consistent with the
e=havior of the: instrument and detecior. Al data ransformations must be cleardy
defined and cocumentsd by the analyst and relafed back bo e fundamental

be=havior of the detector.  In other weornds, this approach mary nof be used in e
absence of specific knowiedge abous the beharnor of Se deiecior.

11.6.53 Horansiormabons should be perdormed on aeas or other
resulis (e.g., the ransiomation mus be appled o e nstrument nesponse isef).

11664 When the ransiomed data are umed fo develop caliorahon
fadiors, those faciors should meel the acceplance ofena desobed n Sec. 1154,
and | s recommended that e resulSng calibration “curve”™ be inspecied by the
analysi as described in Sec. 11.54.

11.56 Inspecing the caliration model and recommended comectie achons

iGiven the pobenfially lange numbers of analyies that may be analyzed in some
methods, it is kkely that some analytes may exceed acceplance imils for a given calibrafon
i e criberia is nol met by a target analyie, the acceplability of the infal calibrabion for other
analyles that hare met fher oiiena is not invaldated.  Informabion obiained from the: inkial
calioration of targeted analyies nol meeting the acceptabilty oritera may have other uses
such as for soreening and for estimation of guanitabon (see S 11.56.1), ut those uses
should stil fi the needs of the project objectives.

WWhicheser calirabon mode] & selecisd, B is ecommended that the model be

subjecied o an addiional dheds o establish he representatvenes s of the data thal were
used o0 procuce the model.  This chedk is the refitting of the calibration data back 1o the
moded ar the comparison of the cakcwlaied amownt of each of the standards against e

expecied amount, as desoibed in Sec. 1154, Critena for ity based upon e
add@onal chedk would have a similar mpac! upon the: wsabibby a calbration for

quantration as is discussed in the above paragraph.
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11661 Comeciive action may be needed f he calibason critera
(RS0 and SEmorRSE) are not met.  If amy analyie for any calibration standard
hais a percent error > 0% a5 descnbed in ion11.5.4. 1, cormective action may
b= needed.  Some recommended courses of action and adddional opbiors: for
moditying the: calibration ranges follow.  Mone specific corective achors: at ae
provnded in e applicable determinaine meihiods wall supsrzede those noted in
Method BOOO. Generaly, the calibration should not be wsed for guanStafwe
analyses of that analyle when the calibration oiteria (RED and % ErmonRSE) ae
miot mek

11562 For al calbration modeis the folowing options are aliowed.
Howsever, if none resul in an acosptable calibrabon, a new infal calibrafion mast be
performed

11663 Generally, the first option is io check e instrumen! operating
conditions.  The suggested mainternanos proosdures in Sec. 11.11 may be useful in
guiding such adjusiments. This option will apply in those imstances where a linesar
instrument resporse is expected. i mary imvolve some trade-offs o opamize
performance aooss al tanget analytes.  For instance, changes to the opemiing
conditions necessary bo achieve inearty for problem compounds may cause the
RED for other compounds fo increass, but as long as all analyfes mest the RSD

limits for linearfty, She calibabon is acceplable.

i the inial calibrason for any analyte does nol meet the acoeplance: crilena (e.g.,
RSOMRSE > 20% or ' < 0.93), the analyst may wish 10 review the results (proper
idenafication, area counts, calbration or AFs, and REDVRSE) for those analytes to
ensure that She probiem i not associaled with jus? one of the: initial cabbration
standands.

11.5.64 #Asa sscond option, | the problem appears 1o be assooated
Wi a =ngle standard, thal one standard may be reanalyzed, o ruks out probilems
d.mtrrldmnm.nﬁﬂtul:ﬂhmﬁmdmm:yhcmtﬂiru
resyaluled againsi the accepiance onena. H-eph:ngl:l‘tﬂ‘uhdm:_.lh:
MEEDESSAry IN SEME CaSes. I the criena stll cannot be med, Se entre infBal

caliration should be perfommed again.

MOTE: An infial calibration should be considered a single event process and a
reanalysis of a calibration standard should be performed immedialely o snswre tat
fhe reanalysis s stl par of the original infial calibason event, and before any

samples ane analyzed.

11.5.65 Athird option is % narmow the calibeation range by replacng one
or more of the calibration standands with standards thal cover @ narmower range. B
lineanty can be achieved using a rarrower calibration range, dooument the:
calibration linesarity, and proceed with analyses. Changes fo the upper end of the
calibration range wil affect the need 1o dikfe samples above the range, whie
changes o the: lower end may increase e LLOG.  Consider the reguiatony limits or
action levels associaied with the target analytes when adjusting the lower end of the
range. Replacing one or more of the standands is pof 1o be confused with
discanding results from a given standard.  The minimum numiber of standards
desobed inSec. 11.5.3.1 should sl be used for calibrasion
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11566 A fourth option is fo namow the: calibration range by removing
dala points from ether exreme end of the range and recaiculating the calibraSon
function. it s prohibited fo remove data points from within a calibration ange while
siill refaining the exireme ends of the calibaton range.  The minimum number of
caliration levels desoribed in Sec. 115 should stil be met for the model.

MOTE: #s noled in Sec. 11.4.1.2, the LLOGD is established by the concentration of
the lowes? standard analyzed dunng the initial caliration.  Hence, namowing the
calibration range by changing the concendration of the lowest standard wil, by
dedirition, change the LLOG.  %When the purpose of the analysis is o demonstrate
compliance with a spedfic reguiatony Bmi or action level, the analyst should ensune
that the LLOW ks at ieast one cabbration point below the regulaiony imil or aciion
leyel

H orfteria for RSDVASE has been mel for S calibrabon modsd Bt the % ermor of
ore o more of the mdradual calioration points at the extreme ends of the calibraSon
range exceeds the crilena described in Sec. 11.5.4.1, e usable range of te
GMMMthm:Mmﬁlﬂﬁmﬂtnl.hmu
calibration points used jo generale the inkial curve are retained.  Tie LLOGD
beoomes e ovees! end of the adusied calbraton mnge. The calibrafion model
showld meset the BSDVRSEY oferia [Secs. 11.5.1 = 11.5.3) and $he minimam
rumber of data points (Sec. 11.5.3.1) before this option can be used.

MOTE: This guidance allows Te use of a calbration model construcied using all of
e data points [with The exception of the highest or lowest point, which may be
dropped, but will change linsar range]) bul kmits the range for usefulness to only

fhose data points thal refit e model within the orteria s n Sec. 11581 (e, <
3% difference).

11.6ET  Afifth allematve is avaiable for anget analytes that do not
meel the: acceplance oriiena for the infial calibason.  WWithowt reanalysis of
standards or manipulations of the: model, $e initial calioration can be used o
eshimate quanitation and information from the calbration can be used 1o werify e
identfication of target analyles when used o sonsen samphes.

i the iniial calibrafon does. ot meet the acceplance orterda, @ may not be used for

Eu-rﬂmm hiowever, estimaies of the quanitabion can be made.
mates of puanstabon can be wseful when soreening for the level of

contamination and delemmining e degree of dilutions that may be necessary when
righ levels of contamination are encountered. B quaniitation esimates for a

pasitively identified analyle are not within the scope of the: project D3OS, then an
acceplable infal calibration showld be prepared for Sat analyte.

i information from the infial calibration will be used 1o verfy the identification of a

targeted analyte for soreening purposes, there should be sufficien] sensitivity al the:
screening level to vwerily identfication.  Reasonabie responses found at the lowes]
lesee| of the: calibration standards may be used 25 a verfication of identily at thad level

of concerfration.
116 Beienbon ime windows

Retention ime windows are orucial to e identfication of targe! compounds.  Absokue
relention imes are used for compound idenbfication in all GC and HPLE methods thal do oot
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emplyy intemal standard calbeation.  Relention time windows are establshed 1o compensaie for
minor shifts in absokoe retenfion Smes: as a resull of sampie oadings and nomal
chromalographic vanabikty. Width of She retenfion Sme window should be carefully eslablished
fo minimize te oocurrence of both false posfive and false negatie resuls.  Tight retention Sme
windows may resull in false negadves andion May CaUse LNNECESSary reanalyss of samples
when sumogaies or spiked compounds are erroneously not idenbfied.  Owerdy wide retention Sme
windows may resull in false posfive results thal may not be confirmed.

The following subssctions describe one approach thal may be vsed o establish relention
ime windows for G and HPLE methods.  Other approaches may be employed, provided e
analyst can demonsirate perfformance appropriaie for the imended application.

1161 Bedore establishing retention time windows, make sure thal the
chromatographic system s operating reliably and that the sysiem conditions are optmized
for the: target analyies and sumogales in e sampls matrix 1o be analyzed.  Make three

iores: of all single component standard misiures and mul-component analytes [such as

Bs) owver the course of a T2-hour period.  Serial injections or injeciions over a period of
less fhan 72 howrs may resulf in relenbon bme windows thal are oo Sght

1162 Record e retenton Sme (in minutes) for each single component analyte
and sumagaie 1o three decimal places.  Caloulate the mean and standand desiation of the
fhree absoiute retention times for each single component analyte and sumogate.  For
mul-component analytes, choose three o five major peaks |see the determinative methods
for more details] and cakulaie the mesan and standard deviabion of fhose peaks.

1163 i the standard deviabion of the retention bmes for a tamget compound s
0,000 (iLe., mo difference betwesn the absolute retenfion Smes), Shen the laboratory may
ifther oollect data from additional injecions of standands or use a default slandard devialon
of 0.01 minles. |Recording relenbion times o three dedmal places rather San onky St
showld minimize the instances inowhich the standard dewtation is calculaied as 0.000).

1164 'Width of the retemtion Sme window for each analyte, surmogate, and major
constituent in mul-component anakytes is defined as +3 times the slandard deviabion of the
mean absobte refenfion Ame established dJunng the 7.2-howr penod or .02 mnutes,
wihichewer is gresier.

1165 Eslablish the cemier of the retention Sme window for eadh analyle and
surmogate by wsing the absoluie relention time for each analyle and surogate from the
calibration verfication standard a1 the: beginning of e analytical shifl.  For samples nun
during the: same shift as an inilial calibrabon, the retention bme of the midpoint standard of
e mbal calirabon should be wsed.

11646 Hithe insrument data sysiem is not capabie of
compound-speciic retenSon lime windows, then the analyst may choose the widest sindos
and apply it bo all compounds.  As noled above, ofher approaches may alkso be ermployed,
but must be documented by the anakyst.

16T Swnogales are added o each sample, blank, and GC sample and are also
contained in each calibration standard.  ARhough the surogates may be dikted out of
cerfain sample exiracts, thedr retention imes in e calibraion standards may be ussful in
fracking relention time shifts.  ¥Whenever the observed retention ime of a surmogate is
ouiside of She established retention time window, the analys? is advised o delemmine fhe
cause and correct the: problem before oontinuing analyses.
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11.7  Galbration verticabion

The cabbration relabonsiip established dunng the indal calbraton [Sec. 11.5) must be
wenfied at periodic inlersals.  The process of calibrafion venficabon appées 1o both exdernal
shandard and internal standard calibration fechnigues., a5 well as 10 inear andl non-inear
calibrabon miodsls.

dis 3 gemeral nule, the initial calibration in a SV-B4E method must be verfied at the
beginning of sach 12-howr analyical shift during which samples are analyzed using a calibration
wenfication standard prepared at the approprate level of concemn. | Some methods: may specily
mare frsquent verficabions and recommended standard concentrafSions).  The 12-hour analytical
shift begins with the injection of the calibration venfication slandared [or the MS 1uning standand in

MS methods)  The shift ends after the complefion of the Imﬂ!d‘ﬂ'ﬂ! Lzst sampde or standand
fhal can be injected within 12 howrs of the: beginning of the shift.

i the % Diflerence Mrenm:gnn'ﬂ:g:# cakbration ) or % Drift (for all ofher types of
calibration) of an analyte is within % of the expecied concenirabon of amaunt based on e
initial cabbrateon, them e infal calibration s considered shil valid, and e analys! may contmse
fo use the calibration curse 1o quantitale sample results.  The +20% criterion may be superseded
in cerian determinabve methods.

Excepl whesre the deferminalive method conlains alternative caliseation venfication critena;
if the % Orift or % Diflerence is == 20%, the initial caibration relationship may no longer be: vabd,

MOTE: The process of calibration verficasion is fundamentally different from the approach caled
*continuing calibrasion® in socme methods from other sources.  As described in those
methods, the calibration factors or RFs calculated during conlinuing calibason ane wsed
fo update the caliration faciors or RFs used for sample quantitation.  This appeoach,
while empioyed in other EPA programs, is eguivalent 1o a daily single-point calibragion,
and is mesther appropriale nor pemmitted in 5W-845 ohromatographic procedu nes for
race environmental analyses.

¥ the calibration does not meet the acoceptance criena, any necessary insrument
maindenanoe, and inject another aliquol of the cabbration standard. If T response
fior the: analyie is still not = 20%, then a new inkial cabbration may be necessary.
11.7.1 Calbration vertficalion crilera

LUiz= the equatons below to caloulate % Orift or % Ofference, depeniding on the
proceduns descnbsd in e delerminadese methodl

" Mizasured Amaunt .
Tirus Amaunt

wihere:
Meamred amount = mass of concentration delernined by e caliration
model
True amount = prepared marss or concentration of the analhyte in he
shandard.
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W

%, Differc =, - 1 0055 100
NiE = — M = — W
CF RF

CFs
RF,

CF

RF

calisrabon factor caloulated for e calibration venficaSion standard
response facior caloulated for the: calibrabon wenficabion standard

mean calbration factor fram the infBal calbration
mean resporses fachor from e inibal calibrabon

H =10 of the analyles in a mul-analyte method excesd e calibrason venfication
criberia, and msrument manbenanos does nof oomect e problem, then a new inf@al
calioration is necessary. If £10% of the analytes exceed the calibrasion verfication critena,
fnen the infal calbration may shll be wsed, 0 any deftecied analytes exceeding the bmit
must be reporied as estmated.  Mon-getectsd analyles may be reported if the calibration
werfication for that specific analyie exceeds. fhe upper acoeplance crilena (e.g., >+20%).
In omer 1o report non-detecied analyles thal exoeeds e lovwer acceplance criena (=g,
<), a werification standand af or below e LLOD showld be: analyxed in e
analylical batch.  The analyte should be detected in the LLOO standard and meet all of the
guaktative identificalion orilena that the laboratony routinety wses (for example, gualifier ons
of oolumns, signal 1o nose, etc).  Inany event, the limeation % no more than 10% of
anakyies excesding e calibaion venficaion crieria apples 1o both detecied and
non-getected anaktes.

11.72 Werffication of nondinear calbration

Cakbraton verdficabon of a non-inear calbrabon is perfonmed using the % Drift
calouladion and criteria described in Sec. 11.7.1, above.

[ may also be appropriate fo employ fwo slandands a1 different concentrations 1o

the calioration. One standard should be near the quantabion limit or acion limit.
Choice: of specific standards and conoenfralions s generaly a method: or projedi-speaific
considemson

11.7.3 Calbration vertiication may be performed using both high and low
conceniration standards from tme o time.  This is partioulany tnee when the ECD or BLED
isussd. Thess deleciors drft and are not as stable as FID or FPD, and penodic use of the
WNHMMMIMBIMMMEHMHHHM
Concentrasons of these stancards should generally reflect thase cosersed in samples.

11.7.4 Addibonal analyses of the midpoint calibration verification standard dunng

a 12-howr analvacal shift are strongly recommended for methods invoking exiemal
standard cabbration. The same evaluation cnteria descnbed in Sec. 11.7.1 should be
used.

Frequency of verfication necessary to ersure acourate messurement is dependent
on the detedlor and the sampde matr. ey sarsine defectors Tal operate in the
sub-nancgram range ans generally more suscepible 1o changes in response caussd by
column contamination and in ambéent conditions.  Therefore, more freguent
werfication of calibrafion {ie., after every 10 sampies] may be necessary for some types of
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deleciors |Le., ebscinon capture, elecochemical conductrty, photoionization, fluoresoence
delpciors i

Sec. 1182 states hal samples analyzed using exdemal standards must be
bracketed by penodic analyses of standands that meet the ©OC acosptanoe oriteria (=g.,
caliration and relention time). Therefore, mone frequent analyses of standards will
minimize She number of sample sdrads o be renjected § the 36 limis are vinlated for the
standard analysis.  Results from these bracksting standants should meel the calbeation
serfication oferia m Sacs. 11.7.1 and 11.7.2 and e refeniion ime cnler inSec. 11.6.
However, if the standand analyzed afier a group of samples: exhibits a resporse fior an
analyle that is above the acceptance bmil (Le., =20%), and the analie was not delecied in
ary of the previous sampies during the anakytical shift, then the sampie exdracts do not need
fo be reanalyzed, as e werfication standard has demonsirated that the analye would hane:
be=en detecied were 1 presentd.

11.7.5 JAmy method blanis described in the preparative methods (Methods 3500
and M00) may be nn immedabely afier e calibmson venfication analyses o condiem that
laboraiory contamination does not cawse false positive results, or al any other time during
the analytical shift. i the mmmﬂmm.mmlmu;ppmm
fo analyze a sobvent blank fo demonsimate Tat e contamination is nol a resul
from siandards or sampies.

11.8 Shromalographic analysis of samples

11.8.1  Iintroduction of samples or sample exiracts imo the GE or HPLE vanes,
depending an the physical and chemical properties of the: compounid and the: sobvent maftrc
'l.l'n:l.i:lh'.n nmﬂﬂﬂmﬂh}'mﬂtﬂ-ﬂ:nmﬂhmm

hod 5035, soils).  Other techniques areciopic distllation (Method
5331: WRCLILIT :hﬂlﬂmﬂ.l-l:l:md Ba32y, rﬂdﬂ:u:.-ﬂ.lﬁrnd 5121}, or direct aqueous

injection.  Lse of Method 5021 or another headspace iechnique may be adwsabie for
mﬂlﬂﬂnmmp&mlﬁmﬂhmﬂmtmngwmmﬂ

fhe pumpe-and-irap system.  Semfsodatiie and non-volatie analytes are introduced by dinsct
or spit’spitiess injecion.

11.8.1.1  Manual imection [(GC)

inject a small solume (e, 0.5 - § pl) of the sample edract.  However,
other injection volumes may be used # the analyst can demaonstale appropnate
performance for the intended applicabon.  Use of the solvent flush technique is
neoessary for packed columns.

11812 Automated injeciion ()

Ausomated inectons can provide volumes both langer and smaller than 1 -2
pL. The analyst showd ensune that the appropnabe injecior design s used for the
wolume bo be injecied and hat the imjection volume is reproducibie.  Ofher njection
wolumes may be used if the analyst can demonsirate appropriafe performance for

the miended application.

Large Volume Injection {LV1) is the inection of large wolumes: (greater than
& pL| nto cooled inlets Tt allow the sokvent 1o be venbed while retaining less wolatie

mﬁ. LVl is used 1o increase the sensivaty of the analysis, either o decrease
LL o io decrease the amount of sample extracied, or edraction solvent used.
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This procedure i typicaly performed with inlets made speoficaly for this bechnigue.
The aralyst should ersure that all of the GC nequirements: of baoth e preparation

and delerminatve methods are met

11.8.1.2 Pumge-andrap
Fefer to Methods 5000, 5330, or 5035 for detais.

11.8.1.4 Manual imjection (HPLC)

inject 10 = 100 plL.  This is generilly acoompished by overfiling the
injection loop of a zerD dead-wolme injecior.  Larger volumes may be imjecied if
betier sensfviy is needed; however, chromalographic perfonmance may be
ateoied.

11.8.1.8 Aulomated injection (HPLE)

Inject 10 - 100 pl.  Lalboratones should demonsirate that the injecion

volume is reproducibie.  Lamper volumes may be injecied # greater sensithity s
m=eded; hiovwever, the sohent of the standards and samples should be matched o

fhe initial mobie phase 0 avoid chromalographic perfommance: degradaton

1182 @&l ana , induding field samples, duplicabes, MSASDs, LES, method
blanks, and anvy other sampies are perfonmed during an analysis ssquenoe.  The
sequenDe begirs withi instrument calibason, which is followed by the anakysis of sample
extracts. WerficaSion of calibration and relention times is necessary na less than onoe
every 1 2:-hour analyical shift.  The sequence ends when the sel of sampies has been

or when ouaifatre and'or guantaisee OF ofiena are exceeded. A= noled in
sacs, 11.5 and 11.7, when employing exdemal standard calibration, nn a calibration
werfication standard at e end of the seguence: fo bracks! the sampie analyses.
dcreplance criena for the nibal calibraSon and calibration verficaton are desorised in
s, 11.5- 11.7.

dnalysis of calbration verficabion standands between every sei of 10 samples s
sirongly recommended, especially for highly sensifve GC and HPLE defeciors at
sub-nanogram concentrations.  Frequent analysis of calibrabon venfication siandards
helps ensune that chromasographic sysiems are performing and that falze
mmfﬂmmﬂwmum“mmm mipkss: aralyred usng
enternal standand calioeation should be bracketed by the analyses. of calibration standands
fhat meet the GC limis for verfication of calibrtion and refention tmes. crilena are
exreeded, cormeciive achon should u1m&11.11;mmummﬁ:
riew calibration curve prepared for that compound and the samples reanalyzed

Certain methods may also indude G checks on column resolston, analyle
degradation, mass cabbration, eic_, a1 the beginning of a 12-hour anakytical shif.

11.8.3 ESample concentrations are caloulated by companng sample responses.
with the initial calibrabon of e sysiem [Ssc 11.5) | sample response exceeds the imits
aof fhe initial calibration range, dilue the extract (or sample | and reanalyze.  Extracts shiould
be dirled so that all peaks are on scale, as overlapping peaks are nol aksays evider when
p=aks are off scale. ‘hen overlapping pEaks CHUSE SITORS N PG 3FEd Imlegraton, e
use of peak heighl measunemens is sugpesied.
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11.84 | cwomaiographic peaiks are masked by fhe presence of inlerdferences,
further sample cleanup or dibSion mary be necessary.  See Method 3800 for guidance.

1189 Compound identfication

Tentadve idemification of an analyie ooours when a peak from a sampie exdract falls within
fhe daily retention time window. Ml:mqﬂmﬂmmduﬂﬂun
it ‘wel characiertzed.  Corfirmation fechmipues includie furthes :E seoored colurmin
with dissimilar stationany phass, GEAE (full scan or S84} or |rfmnznl':1|:|n peEmits ),
GE or HPLE with fwo different types of detectons, or by other recognized confrmation fedhmnigues.
F-unrHF'L-L‘.n.I'l.I'rr:ﬂ'rn:E: analyte confirmations at o diierent LY wavelengths with a U or UV

defector i nof recommended because of the broadband nature of U atsorption
lpﬂ:lrl many IMgENiC oompounds.  Positree identificaSion of a target analyle using an
HPLEAA method may be confirmed with a different type of detedior such as a mass-selective
defecior or a fluoresoenoe delecior at different exdiabon and emission wavelengihs.

¥vhien confrmation is made on a second column, $iat analysis should mess al of the GC
criteria described above for cabbration, rebention imes, etc.  Confirmation is not needed with
GCAS and HPLCAS methods.

Confirmation mary not be necessary if the composifion of the sample maitrix s well
established by prior analyses as wihen a pesticide lnorsm to be produced or used in a faolity is
found in a sampls from that taoikby.

chromatographic interferences result from coslution of one or more compounds: with
fhe analyte of inten=st, or may be e resull of fhe presence of a non-analyte peak in e retention

fime window of an anaiyle. Swch coefution protiems affect guangtation as well s idenbificason,
and may result in poor agreement befween the quantiative results from Swo: dissimilar oolumrs.

Thensdone, ewen when the: identificaion has been confirned on a dissimibr oolumn, the analyst

ﬂn.::lﬂm the agreement of the quanttative results on both columrs, as desoribed in Sec.
11.10.4,

11.10 Caloulabions

Calcuiation of sampie resulls depends on the type of calibration [external or inlemal
standard] and the calibration modsl employed (inear or nondinear).  Caloulations of $he mass of
e analybe in the sample aliquol introduced inlo the: instnomen! can be found in Secs. 11.6.1.3,
11.62.3, and 11.5.3. The foliowing sections descrites the caloulations necessany 1o obiain te

concentrations of anakytes in the onginal sample, based on s wolume or weight.

These calkulabons are ed for ilusimatve purposes only.  Vanows dilulion schemes
and oomvernions for defining volumes and injection volumes exist and they all cannol be
addressed here.  The analyst muest clearty docwment and verify all of the caloubSons that are
empioyed.  Specific delerminative methods may also contain addtional information on how o
perform these caloulatiors.

11.10.1 Eample concentration by volume (pgl), for aqueous samples

Concdrdrarios (m ﬂ - {xl:l':il| ][ﬂ]

L L LA
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X, = Calouated mass of analyie (in ng| in sample aliquot inrmodocesd inio
nstrument.  Type of calibration mode! used determines derrsation of
¥ See Secs 11813, 11523 and 11.6.3.

¥ = Total volume of conoentrabed eximadt (in pl). For purge-and-trap
analysis, ', is the: purge volume and will be equal 0.  Thus, units

ather Tian YL may be used for punge-and-trap analyses.

O = Ddubion factor, f sample or exdract was dilulted prior io analysis.  If no
diution, O=1. Alsays dmensoniess.

=
"

Wolume of exiract injected jinpl). The nominal infecion solume: for

samples and caliorabon must be the same.  For agueocus
and-trap analysis or dirsct injsction of a liguid sample inbo a GG
or HELE, W will be egual io V.

¥, = ‘olume of aqueows sample exfracted or punged {inmL). I units of
mmﬂLI“mﬂdfmlrﬂtﬂTn.mmrEﬂlﬁh}'1mrrLﬂ_

Using fhe units listed here for these lerms will result ina concentration inounits of
ngimlL, which is eqguralent o ppiL.

11.10.2 Sample concentration by weight [pgfg), for solid samples and
nan-agueous iquids

conceniracion i P < P 0)

kg (WML

X, = Calouated mass of analyie (in ng| in sampie aliquot imrodocesd inio
nstrument.  Type of calbration model used delermines derrsation of
¥ Ses Sers 11.51.3, 11523 amd 11.5.3.

¥ = Total volume of conoentrabed evimadt (in pl). For purge-and-trap
I‘Iﬂ}“ﬂtl‘!‘lﬂlqlﬁdlﬂhﬂ"ﬂ [rme=iranol, waber, sic. | exiract 1s
added to reagent waler and punped, % is botal volume of sokent
exract. Also nokudes any confribuhon from waler present in samples.
prior 0 solvent sdraction (Sec. 11.10.5)

O = Ddubion factor, f sample or exdract was diluled prior 1o analysis.  If no
diution, O=1. This value s always dmensonless.

¥ = ‘Volme of exiract injected jinpl).  The nominal infecion solume: for
samples and calirabion standards must be fhe same.  For
purpe-and-frap analy=s where an aliquol of solvent {methanal, water,
eic| extract is added 1o resgent water and purged, V) is the volume of

sobven! exirac] :ﬂtlih:m;gutntrjl.lﬂp‘uﬂnpu‘grg. Enburtiores
made o e niial volume of sclverd exfract are accounted for in 5.
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W, = Weight of sample exracied or purged [in grams).  If kg units are used
for s ferm, muliply resuls by 1000 gy,

iUising e units listed here for these femms will resulf in a conceniration in urits of
ngig, which 5 eguibalent 1o pgrky.  See Ssc 11.10.5 for sitvabions in which calodated
concenirations may need 1o be oomecied based on the solvent'sater diution effedt for
extracted volable organics.

11.10.3 Sample concentration when X i expressed as concentration durnng
Ccalibrabon

As noted in Sec. 11.4, e analyst may develop the calbration using the
conceniration of analyte and intemal standard instead of mass.  Uising such an approach
usisally imvolves expressing concentrations as mass of e analyle or inernal standard i the:
solume injecied info e instrument (Le_, ng/plL).  Thus, caloulbSons for e final
conceniration of an anaiyie in a sample incSecs 111001 and 11.10.2 must be modified o
inchude the injection volume, V., imo the term X, Therelore, the equation for sample
conceniration by wolume becomes:

Mg XKV (D)

Concentration ik — =
L %)

dund the equason for sample concentration by weighl becomes:

g (KW D)
Concerelrarion in — s — ———
a (WD

wihere bWt 0, Ve, and W are the same as in Secs. 11.10.1 and 11.10.2 and

X, = Calculated concentration of analyte {ngal | in the sample. Type of
calibrabon mods] vsed defermines demvaton of ¥, Se= Seps
116513 11523, and 11.5.3.

IUizing e units listed here for these fermes will resulf in concenirations in ngimil,

which is eguivalent to gL, or in g, which is equivalend o pgikg. See Sec. 11106 for
shuahons i which calculated concenirabions mary niesd o be comecisd bassd on the

solvertfaater diution effect for exiracied voladile organics.
11.10.4 Comparison betwesn resulls from different columns or debectors

¥'hen samples results are confirmed wsing two dissmilar columns or with bwo

dszmilar detechors, e agnesment bebwsen the guaniiaiee resulls showld be evaluated
atier the identifizabion has been confimed.  Lange diferences in the numerical resulls from
fhe two analyses may be indicative of positfee interferences with the: higher of the: results,
wihich couwld resull from poor separation of anget analybes, or the: presence of a non-target
compound.  However, ey may also resull from other causes.  Thus, in order 1o ensure
fhat the results reported are appropriate for the inlended application, $he analyst should
make a iomnal comparison, as desoribed below.
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Calculate the RIPD betws=en the: bwo concendrations using the formula belos:.

G-

RPD E‘-_L;__"-'z_} X 100

wihere ., and ©; are concentrations on the t&o columns and the verscal bars in the
rumeraior indicate fhe absolse value of e diference.  Theredore, APD s aways a
posdne walue.

11.90.4.1 i one result s significanty higher (e.g., >40%), check the
chromalograms io s=e i an obvously overlapping peak is causing an ermoneously
Figh resulk. rfru:-am-hm'gpr.lnn noled, examine the boseiines parameiers

estabiished by the instrument data system [or operaior | duning peak integration. &
rising barseline may cause the incorect integration of the peak for the: loswer result.

11.10.4.2 H no anomalies are noted, revies the chromatographic
conditions.  if fhere is o evidence of chromalographic problems, it may be

of the: presenos or absence of chromatographic probilems, Hhe
data user must be advised of the disparity beteeen fhe teo results, becavse the
user, not b laboralory, urupmuﬂel‘::rcrumng theat e mas? appropriaie nesswh
is reporied o uhized. Under some ciroumsianoces, inchuding those ineobeed in
monioning comphance with an acion level or regulatory imi, furier cleamnup of te
sample of 3dRonal analyses may be nesdsd when the Two valuss in Queston Span
e action leyel or reguiatony hma.

11.10.%5 Moshre-comecied reporting

Fesuls for solid samples: mary be reporied on the: basis of wet weight {as received)
oF oy weesght | miesiune-oormecied | sampes comceniration. Ther= are merss o either
approach; however, some regulatony imils associsted with sold wastes and solid samples
e based an the form of the wasie gz genergted. which rarely imvohees oven-dry sclids.  As
a resuk, there is no default preferenoes for one form or the other.

The choioe of “as receved” or moisiure-oomected Peporting is alsgys a
projeci-spedfic dedsion that must be based on knowiedge of intended use of the data.

WWhen moisiore-cormecied neporhing |5 requinsd, ooncendation ressults for sobd

samples calculaled in Secs. 11.10.2 and 11.10.3 may be converted bo moistune-comected
resulis as folkws:

("As received” oo arion)
Maolsrurg Serrasted onciiTarion = X 100
{100 = T molsmnore )

wihen= % moksture is delermined a5 desorbed in the =aTpls preparabon o

deleminative method, typically by drying an aliguot of She sample at 105 5C ovemight
Peroeni mpisture is caloulabed as foliows:

SW-Ba6 Update BOOOD- 51 Feeimion 4
July 2014

185



(g of "as received” sampie] = (g of dry sample)
3 of samply X 100

B Molsihureg =

The % moisiure determination may also be callesd % solids in some methods.  In
fhis case, percent sobds should be sublracted from 1080, in order fo atam % moisiure as
rivled in the abowe moisture-ocorrected caloulation.  Units for the final resvits will be the
same, regardiess of the % moisture calculation.

Excepl when the sample is complelely dry (ie., the % moishre equals 0},
mossture-comecied resuls wall abways be higher than “as recefed” resulls.  In the absence
of projeci-specific reguinements, # may be mosi appropriate io neport results on the: “as
recefrved” basis of the sample: and provide Ghe % moisiure for each sample.  This will allos
e dala user to corert the resulls from one form fo another, as needed.  The appeoach
used must be dearly cesoribed for the dala user.

In volalile omganic analysis, solid samples with significant moisture content (=10%)
fnal are exiracied pror 1o analysis in a saler-misoble soivenl such 2= methandl, are diuted
kry the total volume of e solvent'water midure.  The total mixture solume can only be
caloulated based on the: sample moisture present as delermined by the % moisture
defermminabion.  This total volume is fhen expressed as %, in the sample concentration

calouations provided in Secs. 11.10.2and 11.10.3.  Therefore, in order to report results for
wolatile analysis of samples contaning significan! moisiure conlent on eitiher a5 receved”
o “mistune-cormeched” basis, the caloulated concentration must be comected wsing fhe iotal
solventfaater mishure volume represenied as V.. This iotal solventfaater volume is
calodated as iolimes:

mal soleenr
walerk

(% Moisture x g of sample)
L]

= {{rru'. af salmenr] + ) 1000 gL frl

¥WWhen the sampie moisture conment is >10%, ® is recommended that the calculated
concenirations of volable samples that are exdracied in a waler-mschée solent such as

methanol be comecied for the sobventfwaber divSon efiect.  Polential undemeporing of
volatie concenirabions i more pronounced a5 % moshore noeases.

11.11 Swggesied cwomatographic system mainienance

Fmtﬂ_'sulm:fmm measures that may be employed ba prevent or ameliorate the
deteroration of chromatographic performance.  This st is by no means comprehensive, and

analysis should develop expertise in frosbleshooting their speciic imstruments and analytical
procedures.  Manufaciurers of chromatographic nstruments, deteciors, columns, and

accessones genenilly provde cetaled information regarding the proper operabion and lmiting
factors assooated with their products.  Reading and reviewing this information cannat be

oeremphasced.
11.11.1 &C preventve maini=nance and comrecire action

To prever or amelorate delencration of dromatographic performance, analysts
should performn routine mainienance adiivbes on the GC inket, column, and gas delvery

NS
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11.11.1.1  Ink=t mamtenance

Appopriate injecior Iners should be: installed and replaced a5 necessary o
maintain chromaiographic performance.  Injecion port sepia should also be

changed frsjusntly encugh 1o prevent retention ime shifts: of target analyies and
peak tailing. Oher-tightening the ssptum nut can cause the inkst io besak.  The

schedule for changing indet liners and septa is dependent on e operation of e

injectian system, the nature of samples and paramelers lested, and acceplance
criberia in e reference methodl

i dwomafsgraphic performance or ghos? peaies are s3ll 3 problem alter
performing these inlet maintenance steps, replacing the seal in e bottom of e
iniet or cl=aning and deacivating the metalic surfaces of the: injsction port itsel may
be necessary. Deadivasion of fe inection port necessitates fhe use of iodc
reagents and should only be performed by knowledgeabie personnel according 1o
fhe instrument maredaciurer's MSrucions.

11.11.1.2 Column mainienance

Capilary columns are reliable and sasy bo use, but overhealing and
exposure 1o coygen can cause damage.  Install and condifion e column as
recommended by fe manufacturer, and fush the column with camier gas befone

. dwoid contact between the capillary column and the: metal sufaces in
fhe 55 oven or heating abowe the masimum colimn femperature.

Poor chromaiographic periommance: mary also be obsersed when the head
of fhe GC oolumn is contaminated with high-boding material.  Aemowing a5 much as
0.5« 1 m from the injecior side: of the: capilary column may restone chromatographic
performance.  H clipping She head of the column does, nof resione performance,
rzpl:ncrr:ﬂufﬂtmlmnrruyhemz:ﬂy. Using & guard column may extend
colurmn e

11.11.1.3 Gas delivery sysiem mainienance

dnailysis should perisdcally ensure hal proper fiow conirol is maintainesd.
& search for leaks using an electronic leak detecion or by isolating and pressure
f=sing wanous paris of e delvery system may be conducied; siaiic pressuns i=sis
may also be perfommed, or ofher apropnate measwores faken.  Elecironic pressure
mum_mmmumwmmmmmmwmu
owen healed | using a bubbie meier or olther appoprate device. A leak in the gas
delveny sysiem and'or change in delivery pressure can lead 1o relention time shifts
of the arget analyfes in the GC chromatograms. i this is obsersed, comectie
achon should be @ken.  Monfonng referion times in standands over Bme can fhep
o ensune bt

11.11.2 HPLL preveniie mainienance and comective acion

Eand broadening ooours whenever thene is a dead volume beteeen the injecior and

delecior.  Therefore, pumibing connections shouid be of minimum length and diameter,
and femrules showld be propery posboned on the tubing o minimie desd volume.

111121 Injsction port mainenanoe
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Filtration of exiracts and injechon of solvent midures miscibie wilh te
mobie pfase can help minimee sobvent-related problems. Otherasse,
Ccontaminaton of sulbsequeent njections may ooour when the exdract contains
malenal that iz not soluble in the mobiks phasze. Injecions alzo need maintenance,
nﬂnrhnﬂhﬂtmmlﬂdmltrtﬂnﬂh'ﬂrdﬂnmﬂm.mtnhﬂy
causing k=aks.  Inp=chon loops are exsily changed, bof analysts must ensure: Hat
fihe compression fitings are property installed o preve! leaks.

11.11.22 Column mainienance

U=z of high quakty colsmns $at ane uniformiy packed with the appropnate
paride soe and bonded prase will resull inoptimal chromalographic pa‘l-urrru"l:
Golumn lemperatures may be reguiaied by the use of empeabure conind ovens 1o
ensure reproduci ity of retenSion Bmes.

Lifeime and performance of HFLS oolumns can be improved throwgh
proper maimienance.  Sample extracts should be fikered prior io analysis, and can
should be faken 0 ensure that siorage conditions (e.g., freezing) do not cause
subseguent precipitation of solids in the extracts prior io analysis.  Guard columns
should be: used when dirty sampies are analyzed because HPLL DOMMNS can
become contaminaied with particulaies or insoluble matenals.  f degradation of
resoltion o changes in back pressure ans obsenved, the replacing the puard
column if one is nstalisd may resiore performance.  Columns showld nod be siored
dry or containing strong bufers, and they should be neplaced when performance

degrades (2.q., significant band broadening, peak sphtting, or loss of
chromalographic FesolUSon Doours .

11.11.23 Nobie phase and pump mainteranoe

Pumping sysiems should deliver reproducible gradients at a uniform fiow
rate. Pumping flow rates can be chedeed by colleciing scivent into a graduated

cylinder for a designated time penod.

#r bubbles f=nd 1o cause an eratic beseline and, in the case of
Iow-pressure mikng. bubbies can cause the pump o casftaie.  Theredore, HPLC
soivers should be degassed prior o use.

kMonsreproducibie gradients can result from deterioration in pump
performance and can causs unacospiable waria@on in reiention tmes feomi run io
run.  kiobie phase solvenis should be fillered o remose partides that causs pump
pision wear.  Seals in the HPLE pumps should be replaced reguiarty.  Use of
sirong buffers or solenés such as fetabypdrofuran can signiicantly shorfen the
ifetime of pump seals and should be avoided whens practical.

£mal changes in the composiion or pH of fe mobie phase can have 2
significant effect on retenfion tmes.  Buffering the mobile phase may help make the:
pH more reproducible from preparation to preparation, as == it doesn't condbct
with the method or cause other problems with the: analyss. measunsmeni
of reagerts and care in mixing the: mobie phase may help ensune consistency from
one prepanabon o the nexd. & sobent mixer may be $e bes way fo ensure
reproduabdity of the mobile phase ower Sme.
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12,0 DATA AMGL VSIS AND CALCULATIONS

121 Eee Sec. 110 and the appropriate delerminative method for information reganding
data analysis ard calculatons.

122 Resulis must be reporied in units commersurale with thedr inbended use and al
idlurbors rmust b faken rl:ln::ul:ﬂ'rmmn‘nﬂmgfnimm

130 METHOD PERFORMANCE

131 Performance data and related indomation are prosided in 5846 methods only as
examples and pudance.  Data do not represent requined periormance goals for users of the
methods. Instead, performance goals should be developed on a project-spedfic basis and e
ub:ﬂtr)'mmﬂcrhhuhnmﬂtpuhmmhrulmdm:m

132 Reler toindvidual deferminative methods jor perfformance data exampies and
JUEACE.

140 FOLLUTION PREVENTION

14.1  Polluhon prevenbon ENCOMpasses any iechrigue T3t reduces or sliminales the
quantity and'or towicity of wasie at the point of generafion.  Mumerous opporfunities for polution
presention exdst in aboraiory operabon.  The EPA has establshed a preferred hierarchy of
errironmental management technigues that places polusion prevenhion as e man
option of first choice.  Whenever feasible, laboraiory persormiel should use poliuion prevention
fechrigues o address Tsr wasie generalion.  When wasies cannat be feasbly reduced af e
source, the EPA recommends recyciing as. the next best opSion.

142 Forinformation about pollution prevention that may be applicable 1o/ aboratories and
research insttubions consult [ ess is Befer Labomaiory Chemosd' Managemeant for Waste
Reduchon, lﬁﬂﬂ.ﬂﬂ'ﬂm“ﬂﬁ'ﬂ'ﬂﬂﬂnﬂmﬁﬂﬂﬂ&-ﬂﬂy[ﬂ:sl Committe= on

150 WASTE MARASERMENT

The EPA requires Thal labomsony waste management prachioes be conducted cornsistent
with all applicable nues and regulations.  Laboratones are unged %o peolect air, water, and land by
minimizing and confoling all releases from hoods and bench operafions, compkying with e

letter and spirt of any sewer dischame permils and regulabons and complying with all salid and
farardous wasie requiadons, parbculaiy the hazardous. woashe denafication rukss and and
disposal resticions.  For further indonmation on wasie management, consull The Washe
Managemend Manual for Lshoratory Personnel available from e Amencan Chemical Society at
fhe address lisied in Sec. 14.2 abowe.

16.0 REFERENCES
16.1 For further information regarding these methods, review Methods 3500, 3600, 5000,

e indrvidual sample preparafive, cleanup and determinative methods, and Chapier Cine.
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16.2 Three references for poorly performing compounds in general are shown below.

Department of Defense:
Appendix G of DoD “Quaity Systems Manual for Environmental Labarafonas”, Version 4.2
ratp-www denix osc miliedgwiusioad\OSHA. V4 .2-Final. 1025 10.pdf.

‘Qualty Systerns Manual for Environmental Laboratories”, Viersion 50
ntp:faww. denix osd miliedgwiupicad\OSM- Version.5-0-FINAL pot
EPA:

USEPA Contract Laboratory Program SOMO1.2

16.3  Alst of guarstason lemts for poorly performing volatie compouncs can be found in
bttt 202 goviregonl/oamapoends pal.

Table App D X1 at

164 AUdmlmhmmmmMmu
found in Table App E XIIl-1 at: | : e

16.5 Department of Dedense:
“Environmental Data Qualty Workgroup (EDQW) Laboratory Control Sample Control Limits
Shudy”, July 2013

Jhwww . denix osd mnalL July- 2013,

17.0 TABLES, DAGRAMS, FLOWCHARTS, AND VALIDATION DATA

There are no tables or figures associated with thes method.
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. InEec. 533, addiional text to indicate that the reference samples used for nRial

:Enmnmdpq'd\:uql:tlﬂﬂrumuupmfmﬂmmn
e calibradon slandards was added.  Thes cange & now consistent with Methods B250
and 8270, The IDP section was also expanded o include separate anguage jor

preparabon and exirachion chemisis, as well a5 nstrumsnt dhemists. 'I'I'u.l:ﬂ'!.'ru:l.m

analysis o perform an I an the portion of the procedure that ey achaally dao.

. Federences fo fhe method quantitation Emit {MAL) have been repluced with the lower lmit
of quantitation (LLOG)

. Incusion of refabve standard ermor [FESE) m S 11542,

. Improveed cverall method formatiing for consistency with new 5iV-B465 method s style
guidance. The fomat was updaied o Momsoft Word .docic

. mmm and lechnical e SionS Were m‘ﬂ'ﬂ'l:'l.g'ﬂlﬂtl Improre meestod
clarity.

. The revision number was changed io 4 and the dale publshed was changed 1o July 2014
. This appendix was added showing changes from fhe previous revision.

. gr&gﬂ'w'u;MHmm“mEm#ruﬁmmmmm
1111,

. Update language discussing method blank aco=plance oriferia and LLOO standands was
added in Secion 9.
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CHAFTER FOUR

ORGANIC ANALYTES

Pruhamﬂqmgﬁenﬂu:hnh:m.mm“ advsed o consukk the
disdaimer skaternent at the front of $is manual and e infrmation in Chapber Two for guidance
an the aliovwesd fi=xbiity in e dhwoice of apparates, resgents, and supplies.  In addfion, uniess
specified in a regulation, the use of 5W-845 methods is not mandatory in resporse o Fedeal
festing requirements.  The information contained in Sis chapier is provided by EPA as guidance

fo be used by the analyst and the reguiated community in making judgments necessany o maset
fhe data quality objectives (DO0s) or needs for the: inlended wse of The data.

4.1 ESAMPLING CONSIDERATIONS
411 Imtrocuchon

Foliowing the intial and oritical s2ep of designing a =ampling plan (Chapter Hine) is
Hﬂﬂﬂmﬁ‘ﬂutﬁmﬂrﬂﬂIMII‘mrﬂcm:ﬂp& the solid washe (or
ofher matenal) is collscied.  Onoe Hhe sample has besn collecied # muss be shored and
mmmww:mmmlm&utpﬂmmmmd
coliscion.  The sample mairtx, type of containers and Sweir preparation, analyies of
interesi, preserqaton technigues, and sample holding times must be Sanmoughly ecminesd
in oeder 0 maintain e infegrity of the samples.  This section highlights pracices relevant
fo mamtaning sample imegrty and representativeness iom the bme of sampling untl
aralysis is complete.  This section is, however, applicable primarily o trace analyses.
Some of these considerations: mary be less relevant for source level samples.

412 ‘Zample Hancling and Presersation: General Considerations

This foliraing secions deal separately with vwolatile onganic chemicals [WOCs) and
semivobale onganic chemicals (SVOCs).  Refer to Chapler and Table 4-1 of this
section for recommended sample containers, sample preservation, and holding fme
information. The guideines in Table 4-1 are infended to improve chemical stabikby in the
mmmwndmmm:mummpmm
by minimizing loss of e analytes of interest from the sample container and Imiting
biciogical and'or chemical degradation (&g, hydrolysis) (Sec. 4.6 Refs 1, 3-6). Sample
preserabon recommendations for analysis of organic chemicals almos! always incude
refngeration or freezing and may also incisde chemical presersabon (e.g., adorion of pH
modifier). Improper handling, presersafon, and siorage of samples can negathely impact
e represeniatiiensss of the field sample data.

The presemvation and holding time indcrmabion presented in Table 4-1 does nat
represent EFA requirements, bul rather is inlended solely as guidance.  Sefection of
presersation techniques and applicable holding times shouild be based on all avaiable
information, including the: properies of the: analdes of imenest for the project, ther
anticipaied concentrasion levels, the compasition of the sample matnx fseif, and e shated
project-spedfic DO0s. A shorer halding ime may be appropnate if the analyies of
interesi ane reactve (2.49., 2-chiornefy wnyl ether, aorylamide | or the sample mafr is
complex [2.g-, wastewaler). Comersely, alanger holding time may be appropriate if # can
b= demonsirated that the analyies of imterest are not adversely afscted from pressndatian,
siorage and analyses perfored outside the recommended holding times.  Prior ba
coliecting sampies for analysis, the project team may consider exisiing nformation and
data regarding analyte stabilty or conduct field soeening for e samples o be opliscted in
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order 10 determine how best o pres=nse sample inbsgrity for the analyles of interest.  The
use of sile-specific performance: evaluation material is a high confidence: mechanism 1o
eresure neiabiity of project data.  The referenoes in Sec. 4.6 provide examples of study

designs that may be useful for this purposs.
4.1.3 Eampile Handling and Preservation for Volatie Organics

4.1.3.1 VOO Sample Confainers

The containers used for collecting WOC samples are freguently volbaile
organics anakrsis [VOA) vials that are directy compatible with the squipment used
for sampie preparabon and ana in the laborafory.  Use of these containers for
sampling helps minimize ipss of YOCs resuling from opening sampie containers
andior ransiemring maienals from one container 1o another.  Cedified pre-deansd
Wik vials are commanly used as sample containers for VOCs and are
commercially available from a number of vendors.  The vals showld be absent of
burrs around the caps that might prevent the vial from sealng, and septa should be
lined with a polyieiafuoroethyiens (FTFE) layer of suficien? thickness: fo limi
diffusion of YOCs oul of the: wials during e. PTFE micinesses of 013 10
025 mmi have besn shiown 1o be effechve. reference & 18 in Sec. 4.8 below
and Sec. 48 in Method 50086 for more detail. | they are suspecied of being a
source of interferences, VOA vals and unpunciured s=pla should be washed with
soap and waker and nnsed with destillsd de-ionizesd aaber. AH:EI"I:I'III:III'I:I.QI'H:"
cieaning the vials and septa, ey should be placed in an ovwen and dried 2t 104 *C

for approxmately one hour.

MOTE: Heating the septa for extended perods of time [Le., more than ane hour) or
a higher temperatures should be awoided, because the sikcone begins to siowly
degrade af 105 °C). Also, punciured siicone-badced PTFE-lined septa should
generally not be reused, because some VOCs have high affinity for the silicons
maieral, and punchunng She FTFE sepium faoe exposes the gas phase vial
confenis to the silicone backing malenal, causing loss of certain W3Cs depending
on lkength of exposune tme and wial femperatune.

Mur-tight, sealable coring devices (e.g., En Core™, Core N One™ or
eqursalent] may also be wseful for colleciion and storage: of coheshe soil samples
for VO analysis.  These devices are designed to limit loss of WOCs from samples
during cold storage and shipping over a limited time frame and for guanitaive

of solids and associaled VOGS imo VO vials for immediabe analyss or
further preservation.  Thedr use during field sampling of solids heips reduce or
aliminaie the nssd io handle solvents or chemical presersatives in e Seld and
sliminaies some shipping resrictions on field samples that may othersise contain
flammabie solvents {e.g, methanol]. Additional indformabion reganding stabilty
shudies of YOCs in solid malenals stored in sealable corng devioes is containesd in
fhe Sec. i T of the appendix of Meshod 80054 and is describesd ini more detail n the
souroes. refenenoed Thenin. mmﬁmﬁ'hfﬂmﬂwﬂ:
| A5 T ) standard practioe for use of the En Core ™ type samplers is also induded in

e references n Sec. 4.6 below.
4.1.3.2 VO& Sample Collection:

¥hen transferTing sampies into wials, liquids and solids should be
iniroduced gently fo minimize agitation which might drive off volatile compounds.

L-8a6 Undate W FoUR -2 Rewsion &
July 2014

194



A% least bvo replicabe 'WiOA vals should be collecied and labeled immediately for
each collected fiedd sample.  They should not be filed near a runming mofor or any
fype of exhaust system becauss dischamped fumes and vapors may comaminale
e samples.  Replcate vials from a sngle sampling point may be s=aled ogether
in a single plastic bag, but different sampies should be segregaied into separade
plastic bags o prevent contamination of sampies with ittle o no VOCs from Shose
with high concenlratons.  Sample containers may also become contaminased by
diffusion of VOCs inlo ®he vials through the septa from the surounding enwronment
during shipment and siorage.  To monitor for this potential sounce: of
contamination, a frip blank prepared from oganc-free reagen! water [as defmed n
Chapter One) should be maintained with the samples throughout sampling,
shipping, and storage.  Including acivaled carbon in e bags comtaining the
sampie vials may hep redune coNoEmS reted 1o hese potential sources of sample
CONAamiInafion

Improper vial seakng (e.g., due o =olids retaned on e vial threads) and
improper Sghiering of caps or clasing of sealable conng devices. are primary faciors
in the loss of voladies due 1o sampie colection acavaes.  Sealng surfaces and any

closure threads should be nspected bo ensure they are free of debrs poor o
container dosure.

Frocedures should also be estabkshed for selection and appropriate use
of sample collection devices (Le, balder, coring fool, =i} induding approprate
deconamination measres.  |f e sample comes 0 contact with the samplng

device, organic free reagent ‘water may be nun fhrough the devce and fested as a
tedd biank.

In general, liquid sampies should be poured into vials without Introducing
any ar bubbles inio Te samples as vails are filed.  Should bubbling oocur as a
result of wiolent pounng, the sampie should be powred out and fhe wial refiled.  The
wials should be compietey filled at the ime of sampling. =0 That when e septum
cap is fimed and sealsd and the wial i nwerted, no headspace is wisbie.  The
sampie should be hermetically sealed in the vial at e tme of samping, and nol

opened prior 10 analysis to preserve its imegrity.
4.1.3.3 VOC Sampie Preservation and Holding Times:

Sampies containing analybes. that can be subject to biological degradation
need 10 be preserved as soon as passible [prederably in He fisld )10 avoid e loss
of target analytes. Refriperation or freenng is a primary means of sampie
preservabion, because rates of iohe and abiohc degradabon decrease wih
decreasng femperature, and ViOCs are also less solatie af lower temperature.
Sampiles containing analytes that are most subject 10 biclogical degradabon (e.g.,
aromanc hydrocarbons) also should be chemically preserved {e.g., by addition of
acid), uniess they are analyzed Immediaiety.  Chemical pressrvation may be

for highly reactrve compounds (e.g., 2-chionoethyl virgd ether,
acrylamide, eic. i, sinos ® may accelerabe loss Oy rapd dhemical reachon.

Aqueous samples containing free chionne should also be presersed with a
dechionnasng ageml in order 1o minimize formation of tnhalomethanes. and other

possinke chemical reachons.
Athough WOC samples may be hedd for up 1o 7 days unpreserved or 14
days or longer pressneed, /s generaly not recommended as good Bboralory
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practice fo hold fhem that long.  WOC samples should be un as soon as possible
atter neceipd by the laboratory.  Samples in which highly reacive compounds (9.,
2-chicroethryl vinyl ether, acrylamide, eic. ) are analytes of inberes! should be
analyzed as soon as they are recered in the laboratory.

414 Sample Handling and Preservason for Semivolatile Organics, Including
Pestiodes, PCBs and Herbiodes

4.1.4.1 Sample Containers for &nalysis of Ssmvolatie Onganics

The containers speciied for samples intended for analysis of SYOCs ane
E'Fn Iy corstructed of plass with PTFEined threaded caps.  In situations whens

FE liners are nat avaiable, sohent-nnsed aluminum foi may be used as a liner.
Howewer, aodic or basic samples may reac with the: aluminum foil, causing
mrrl.nlmdltnmb. Use of new, dsposable pre-cdeanesd and
ceriified containers reduces concems aboul contamination from reusing sample
comtainers.  Plastic containers or plastic kds withowt PTFE liners should not be
used for siorage of sampies due 1o polential contamination by phihalate esers and
other pdrocarbons within the plasic or absorption of any chemicals of oonoem in
e native sampie into the contaner matenal.  If sample containers are suspected
of being a source of imererences, parScularty for kowslevel analysis, should be
:cm:ndti:u’tuﬂredf:hudbymurgﬂhﬂuuﬂ[:]mpqmn:t the
analytes of inlerest.  [See Sec. 4.1.6 for speofic instnuctions on glasswarne
cleaning.). Caps may be cieaned by soivent rinsing or replaced with new ones.
Monfioring for contaminaiion infroduced from sample: containers should be
accompilished Shrough preparation and analysis of a method blank:

4142 Sampile Collection for SW0Cs

Eample containers should b filsd with care 50 as o prevent amy portion of
e colecied sampies. from coming in contact with the sampler's gloves, potertially
leading o sample contamination.  Samples should not be collected or siored i the
presence of exhaust fumes. I e sample comes in corfact with the =a
device, nun organic:free reagent water through the sampling device and test this
waler as a fieid blank.

4143 Sample Presersation and Holding Times for 5W0Cs

Field samples o be: analyzed for S8V0Cs ane typicaly preserved by
refrigesation or feeezing.  Inorder fo minimize opporfunities for the most labile
EVOCs i degrade, These samples are fypicaly recommended o be sohent
extracted shorily atier being taken, within =14 days for many classes of chemicals.
However, some dasses of SVOCs, ke polychionnated bipheryis and
polychiorinated dibenzodiceins and dibenzofurars are very recalotrant and dio ot
readily during refrigevated siorage.  Sample mafrices o be anakyzed for
fhes= haree no manmimum recommended holding ime.  Depending on the
composilion of the sample mairix and the eveis of concern for e laget analyles,
other classes of SWOCs (e.g., polyoyclc aromatic hpdrocarbons [FPAHs]) mary also
be stabie in refmgerated #::mm:gclununguhmﬂmmmmmmug-m
mmnuﬂn:lnhhh 4.1 {see Reference 212 in Sec. 4.6 below).  Howewer, the
composition of the sample mairix can be an mportant detesminant of chemical
siabikly, and minimzing the holding bme betwe=en samplng and solvent extrschon
is generally a good praciice o obtan representaive dalka
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Sokent exiracts of samples should be carefuly maintained.  Sobvent
extraciion generally stabilizes SV0Cs, because the chemicals are typicaly
physically removed from the sample mainx, and some lpss mechanisms ae
sliminaied (L&, ological degradation).  Holding tmes of 40 days are
recommended for solvent exdracts for mos! chsses of SW0Cs. !Irh'rpin.i}tunf
inbere st may be stable in sokent for a longer time penod even in exiracts of
complex mairices, but problems mantaning smal volumes of very volatile sobvent
exiracts prechusde storage of extrads indefiniely, and some 5WOCs may sall
chemically degrade or may be sightfy volatie in certain sobvents.

Freezng solveni exirads partioularky of complex sample matrhioss may
calse predpitabon of sobds resulting from inkeraction of some co-extracied sampie
matrix companents.  Slonng extracts at 0 %0 & “C may lime problems resulting fom
analyzing Exfracis contaning precpfaled sobds, bke conlaminating or clogging the
injecior syringe or infroducing insoluble components info the flow pathwary of the
maobie phase.  One way o remove precipilated solids from a solvent edract s by
fillrason with a sub-micron paricke size fiter made of inert matenal (e.g., FTFE]L
diz with oier preparation steps, baich qualify conimol (35 samples should be
subjecied o the sames flirnSon procedure a5 the field samples in order o assess
fhe oumulafve impact of al sample preparaSon sieps on analyie recoveny and
evaluate e poiential for conlamination reswiting from all reagents, and other
malenals at oome N0 Coreact wikh e Samiphes.

415  Salety

The meshods listed in Ts chapler do nol adoress all safety issues assooated with
feiruse.  The labomtory is responsible for maintaining a sale work ersironment and a
current Fwarensss file of 3EHA reguiations regarding the safe handling of the chemicals
used in these methods. A reference fie of malenal safety data sheets (M505s) and'or
safefy data shewets (505s) should be avaiabie o all personnel irolved 0 these anakyses.

Eatety should always be the primary considera@on in the collechon and analysis of
samples. A thorough understanding of the waste prodsction process, as well as all of the
potential hazards of the wasle itse¥, should be nvessgated whenever possible.  The sie
should be evaluated just pror o samping o detenmine whather any additional safety
measres are necessary.  Ainimum peolection of gloves and safety glasses should be
WOm o prevent sample contact wih the skin and eyes. A respraior should be worn even
when worlking cutdoors | organic vapors are present.  More hazandous sampling missons
may requine S use of sspplied air and special clothing.
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4146  Cleaning of Reusable Ghassaane

In omier 1o suocessfully analyze samples contaning oomMponenss in the parts per
bilbon or lower concentration range, the preparation of scrupulously clean glassware is
. Failure o do so can lead 1o a mymad of problems imterpreting data due fo e
presence of inlerferences resuling from conlamination. Parbcular cane mus? be faken
wih glassaare such as Souhlet exraciors, Kuderna-Oansh evaporatree ooncentrators,
sampling-frain companents, or any other glasseare that comes into contact wilth an exiract,
parioularty if the extract will be evaporated $o a smaler volume.  The process. of
concentrating the compounds of inlenest n this operaton may simiarly concenirate Hhe
coniaminaiing subsiance(s). which mary diston e resulls and complicate data

inlerprefation.
The basic cleaning sieps are:
1. Removal of surface residuals mmedatety afier use

2. Hot soak fo loosen and fioa? mos? parbculafe malenal

3. Hot waler nnse o flush asay flioaled particulaies
4. Soak with an madinng agent 0 desiroy traces of organic compounds
5. Hol walter nnse o fush aaay materals loosened by e deep penefrant soak

6. Dishled water rmse o remove metalic deposis from the tap water

7. Alcohol {e.g.. isopropanal or meShanol) rinse 1o flush off any final iraces of
organic matenals and remove e water

8. Flushing the bem immedately before use with some of the same sobend That
will be used in the analysis

Comments regarding each of the ssght fundamenial steps are discussed here in the
ordier i which ey appeared alboe:

S%ep 1: s soon s analysis is compieie, the glassware (e.g., beakers, ppettes,
flasks, or boles ) Hhaf came nfo condact with samipdes or slandard s
should be fushed with waler and then alcohol or pther appropriaie
solveni before f is placed in e hot detergent soak.  Othenase, the
S0k bath may serve o mriaminate all oiner glazsware plaosd thensn

Ssep 21 The hot soak consists of a bath of 2 swiable detergent in water at 50 *C
ar higher. The detergent, powder or iquid, should be entirely synthetic
and not a fatty and base. There are very few aneas of the: country whese
the water hardness is sufficiendy low 10 2w fomation of some
har-waler scum resubing from the reacion between caloum and
magnesism salls wih a acid scap.  This hand-waber soum or ourd
would hawe an affinfty partioulary for many chiornabed compounds and,

almcst whally water-nsolublkes, would deposit on all glasseans n the
bath in a thin fim.

Ociober 2012
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Chem 3:
L A

There are many sutable detergents on the whalesale and retail market.
Maost of the common iquid dishwashing detergents soid af retail ane
sagsfaciory but are more expersive than other comparable products sold
ndusirially.  Alconow, in powder or tablet form, s manufactured by
Mponoi, Inc., Mew York, and is markeled by a number of aboratory
supply firms.  Sparidesn, another powdensd product, is distribused by
Fisher Scientific Company.

MO COMMEnss

Chroméc acid should not be used to clean glassware. Commeroal,
mmermu:ﬂ.g..rlﬂrmm]myheumdnph:d
oromic acid, B adeguabs cleaning s documenied by an analyhcal qualty
assurance [OA) program.  Chromic acid should also not be ussd wih
plaeshic baotes.

The potental hazands of using chromic-sulfunc aod mixiure are great and
have been well pubiczed.  There are now commeroally avaikable
subshiutes that possess the advantage of sajety n handing.  These are
biodegradabie concentrates with a clamed deaning strength equal 1o the
cihromic acid sohfion.  They are akaline, equivalent fo roughly 0.1 N
MaOH vpon diution, and are daimed to remove dned bicod, sikcone
Em.dmm,lm:tgmtmeh: They ane
Clhamed bo remowe redoacinye Faces and w1l nod atack glass or
exert a comrosive effect on skin or ciofhing.  One such product is “Chem
LSoly 2157," mamuiactured by Mallinckrodt and available Srough
labora supply frms.  Another comparable product is “Detex,” a
pmﬂ.ﬂﬂnmm, Splothum, Seitzeriand.  Other samilarty
effective products are Mochromix (Godax Laboratories) and Contrad 70
|Dvescon Labs).

Lxeris 5 6, and T Mo comments

LR A:

SW-BAE Update W

There is aways a possibilty thal between the bme of washing and the

next use, the glassware could pick up some contamination from efther the
ar or direct contact.  To prevent this, it is pood practice o flush the item
immediatedy before use with some of the: same sokent that will be used in

the analysis.

The dnang and storage of e deaned glassware is of cribcal mportance
fio realize e benefil of sorupulous deaning.  Pegboand dnang is nol
recommendsd. |t is recommendsd fthal abombory glasseans and
equipment be drsd at 100 "C.  Under no croumstances should such
small fermns be left in the open without prolecive covering.  Otherssse,
dust and =00l in a kboralory emvdoeament can e-contaminale the clean
glassaane.

dz an alternatree o soivent Mnsng, glessesans may be heated o a

mirimum of 300 “C for sufickent time 1o vaponze any residual organic
chemicals.  Glassware should be allowed o cool fully before use.  This
high temperature treatment should not be used on volumesnc glasssare,

glaszaans Wi ground glass onss, o snkered glassware.

FOlg .7 Rewtsion &
Oclober 2012
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4.1.7 High concenfralion samples

Gross contamination of frace conceniraiion Sampées may ooour when prepared in
fhe same aboratory with high concentreation sampies.  idealy, if both type samples are
besng handied, a laborsory and glassware dedicaled solely 10 the: preparation of high
conceniration samples would b available for this purpcse.  f this = not feasble, 2 a
mindmuim, disposable glasseane or glasssare dedicated solefy o e preparation of high
conceniration samples should b= ussd.  Awoid cleaning glassware used for both trace and
Figh conceniratan samples in the same arsa.

S84l Undafie FOLUR -8 Feason &
Oolober 2012

200



TABLE 41
RECOMAMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES"

(Note: Footnotes are located on the Last page of the table.)

VOLATILE ORGANICS

Sanphe Matra Cotacn Presnvatw’ Holdg T’

Concentiaod wasty Metod 505 Sen e memod Conmo.gC 14 &ys
) Mathod 5001, Sed e uhod
Mathods 5031 and 3032 Gae e nethols

Use PTFEdned s for al proceduns

mxwmm Mattods X121, 5090, 5031, and 30X Con 10 (- 8°C Mg adust o4 10 %8s than 2 14 s
s PITE gy "M HAIED
¥ carbonaceous matenats we osent of I
MTEE and cthar fusl cxygenale ethers are
presént and a high Impbralue samgie I dups
preparativ method & 10 be used, do not
acd presarve e sampks

1 o 1l ey Oy 1 i fd

W .. 2-ctieroyl viny ained’) e y
aalyis of e, coNas & 3o et of oy
S MO BOd vt ind

AN 8 30 s SO,

SW/846 Update V FOUR -9 Rensicn §
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TABLE 41 fcontrued)
RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES"

Sanglo Mabi

VOLATILE ORGANICS (contnued)

Conturw’

Preanutw’

oty Tene"

Aguitus samghe WITH
ekl U st

T T L R T

N

Mathods 501, 5030, 5031, and 508,
3 a0k vt wlt FTFE-Inid suptus cogd

ol g 12 2600 contanr whh
b e wih 4 s o 108
s okl skan. Gty b
i S i a3 4D VOA il

Coolt - €t g e i 2
W80, HOL 0 sk KD,

1 carbonaceous mateali are present of f
NTEE ind ihe fusl oxygnale eihwrs e
presant ad & hgh mperatur sample
priparai mahod i 1 be sed, 0o no
a0 presive e sampks

1 compounds Il el Oigyace 1 ictfd
il . 2cHerouy i o) e
e of il bt 0 Scond 9t of
Addros Wit id vl 4
A0l 9200 R pOISEN.

304t il wh PTFE S sl id

Matlophd-5 Codnd-8C

Thest Cmpounc Pl M
300,42 iy 00 ks

prepe
g ol Nt

e

Maod 5005 Sea e mumod
Mol 01 Seg the aod
Moo 01 ind S0 S e ot

S e il et

1 compount Al iy 8 Fuact 1 ol
2000 (0, vyl o, shyuni, 2-nbvoutnt
iy ) o A of ol ot &
S0 3 of sl wihou! aced
FUEMVAIS M AR i et
pldbi

Wiy

T

14y

I s

e

Tt

01848 ot

FOUR 10
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TABLE &1 jpontiued)
RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIGUES, AND HOLDING TIMES'

SEMMOLATLE ORCANICEORIANDCHLORINE PEETICDES ARD HERBICIDES

Bt bz Coorlatir P i Holding Tir"
oo e i T, wida-seeuth plicid l PTFE-Bd  Codlin0-8°C Sapkd il
iz i il 14 i did
sl ahygind

it 40 dasga

faming iceacsion

Acsitish gl wilh i 4 1L i i conlatfat Wi ol i §-B T Saripkd ixvachial
it i i PTFE-ihiad e o clf a2 ah apisoisiis, wilha 7 iy
i b i o i g o Al sl ahygind

st 40 dad

fishomy ez

Adutash St WITH 40 1L i g ol il o 4 sl 0% o icciuliate o per Sl evacdiad

rihal el st PTFE dnid 4 of oher s s appvnpeiate,  gallon (o7 0 D06, Adidiion of sadm wili 7 iy arhd
s o e o g ANt s S o g o may e adrach dnalyzid
patiiined 1 i laberalery o 1o okl e, wilhin 40 darss

Coplmd-8°C. LB T
S sl 25kl widi-euilh i ol Copi (-8 Sk x¥adia
fug s, sedimants,  PTFEd bd sl 74 iy aid
sl ash) it anahzid
it 40 i
e
E45 Update ¥ FOUR - 11 Riesvision &
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TABLE 41 joontrued)
RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIGUES, AND HOLDIMNG TIMES'

FOLYCHLORIMATED BIPHENYLS, POLYCHLORIMATED DHBENZ0-a-DNCINE, AND POLYCHLORINATED DIBENZOFURARE

Bastglu alrs Contasiar Poicadivill’ Hiding Tin'
Concnlrad widli TSl el plusi wih FTFE-imed  Wone iz
T I

At Samghis wih i 4 x 1L abir (aid conlaingi win Coslmd. A b

kbl chiOInG PSR PTFEJiniad B oF ol 52 s asfitpeta,
Inﬁwﬁﬂimﬁhlﬂﬂi

Apubtass Samghel WITH 4 1. amsbir ks ceslaifer wih ] 3l U et Dtk Soliian pi b
ikl chiin pigat  PTFE-indad b & olfir e, i approjeiate,  galkon (or QL 00E%)  Aciilon o sid
10 o i o MG S oranall Wbl Sorkon b3 A conlinir may b

gt i i labenaioy por 1o feld ida.

Cond i 80
B i L60aeL. wndi-eguth Pl CEnlan wil Cosl o 0-8C, hiind
(3., i, ST, PTFE-ind i
il |

* Thi informaiion presened in it iable does not represent EPA raquimments, but raiher &t initaded soely as udance.  Selection of
CORTAINGTS, priservalion Nchniues and appicabie hokding imies should be based on i staied progct-specific DOCs

* S Fariurcss 1-30 i i prcinraion ad hocig s shochics oo vganics. 1 1 e i of i ey sari i i
e cobictid e J-chieviatfifed it o o sl o el

'PIFEWtd cags are accaptabio b ol moonmended contands types.  Addional rephcae sample contaners should alo be colictad 10 perdom
al recessary lboraiory OC (e, deplcaie, matix spikie / mairs s dupbcaie OC sampies)
*mmm.mu.mmwmmmmmuummwwmmnr.wmm
reOmimien dafions for commarcially avallabie standards. - Furifermions, ahemaiie Siorage [amperlres may e appropnale hased on
meuw,inﬂmnagmmwmmnmmmmpwmmnuwm

A longer holding fim may b appropriae & can be demonsiraled haf ihe neporied analyle concenirations ane nof advisaly afected flom
présenaiion, siage and analyses periormed cutsise e recommended hokding imes.

S 846 Upciate v FOUR - 12 Rievinon &
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42 SAMPLE PREPARATION METHODS

Prior to ermploying the methods In this chapter, analysts are acvised to consult the
dsdaimer staternent at the font of $is manual and the information in Chapter Two for
mmmmmtynmem«q?nu.mmm. In
addnon, unless specified in a regulation, the use of SW.846 methods is not mandatoey in
response o Federal testing requrements.  The nformation contained in each procedure is
provided by EPA as gusdance to be used Dy the analyst and the reguiated community in
making judgments necessary 1o meet the DOOs or needs for the ntended use of the data

421

Extrachons and preparations

The fallowing methods are ncluded in this section:

Mothod 3500C:  Orpanic Extracsion and Sampie Preparation

Mothod 3510C:  Separatory Funned Liguid-Liquid Exaraction

Method 3511: Organic Compounds in Water by Mcroextracson

Mothod 3520C:  Continuous Liquid-Liqud Extracson

Meothod 3536Ac  Sold-Frase Extraction (SPE)

Meothod 3540C:  Soxhiet Extraction

Method 3541: Automated Soxhiet Extraction

Mothod 3542: Extraction of Semvolatie Analytes Colecied Using Method
0010 (Modiied Method 5 Sa Tram)

Mothod 3545A:  Pressurized Flud Extracton (PFE)

Mothod 3546 Microwave Extraction

Mothod 3550C:  URrasonic Extraction

Method 3560: Supercntical Fiud Extraction of Total Recoverable Petroleum
Hydrocarbons

Method 3561: Supercntical Fhsd Extraction of Polynuciear Aromatic
Hydrocarbons

Meothod 3662- Supercritical Fsd Extraction of Potychlorinated Biphenyls
(PC8s) and Organcchionne Pesticides

Mothod 35670: Microscale Saoivent Extraction (MSE)

Mothod 3571: Extracson of Solid and Aguecus Samples for Chemical Agents

Method 3572 Extracticn of Wipe Samples for Chemical Agents

Meothod 3580A:  Waste Ddution

Method 3585: Waste Diution for Volatle Organics

Method 5000: Sampile Preparation for Volatie Organic Compounds

Mothod 5021A:  Volasle Organic Compounds in Soils and Other Sold Matrces
Using Equitrium Headspace Analysis

Mothod 50308:  Purge-and-Trap for Aqueous Samples

Mothod 5031: Volasie, Non-purgeable, Water-Soluble Compounds by
Azectropic Distilation

Method 5032: Volasle Organic Compounds by Vacuum Destitation

Method 5036: Closed- System Trap and Extraction for Volatie
Organics In Sof and Waste Samples

Method 5041A: Amalyss for Desorption of Sorbent from Volatie
Organic Samping Train (VOST)

SW-846 Update V FOUR - 13 Revision &

Juty 2014
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43

guidance on e alowed fiexibiity in the choice of
addibon, unless specifiesd in a reguiation, the: use
response o Federal testing requirements.

423

Clhe=anup

The folloeing methods are included in this sedtion:

Mothod 3600C:
Mothod 36108:
fothod 36118:
othod 3620C:
Wothod 3630G:
Mothod 364304
Mothod 36508
Wothiod 36608
Wothiod IEEEA:

Cle=anup

Alumina Clearup

Alumina Column Cleanup and Separation of Peiroleun W astes
Florsil Cleanup

Siica Gel Cleanup

5ol Permeason Cleanun

Acid-Base Pafmon Clearup

Sutfur Clea
E.I'I'Ln:nl.n:xﬂ'mmurq:-

DETERMBATION OF ORGANIC ANALYTES

hubﬂrﬂnngmenﬂm:nh:m.m“ advesed bo consul the
disdaimer staternent at the: front of fhis manual and e information in Chapler Two for

hues, reagents, and supples.  In
<846 methods 1= no! mandalory in
The information contained in each procedore is

prowvided by EPA as guidance 1o be used by the analys? and the: regulaied community in
making judgments necessary fo meet the DO0s or needs for the intended use of the data.

4.3.1

Gars chromariographic methods

The: following methods are included in this section:

#othod BOOOD:
dothod BO44:

Mothod BO1EC:
fethod BOZ1B:

othod BO34:
othod BO32A:
#ethod BO33:

Wzihiod BOA1A-
othod BOG1A:

Werthod BOTDAZ
fethod BOB1B:
othod BOBZA:

W -BaE Update W

Deerminatve Crromatographic Separabions
1,2-Dibromoethans and 1,2-Dibromo-3-chioropropane: by
Microsxraction and Gas Ch
kon-nalogenaled Omganics by Gas atography
dyomabc and Halogenated Yolaties by Gas Chromatography
Using Frotoionization andior Becirobybc Conductvity
Deteciors
dcryionitrile by Gas Chromalography

amide by Gas G rapty
ﬂw—: E;Gnli?mnmrq with NEmogen-Fhosphons
Detection
Phenols by Gas Chromalography
Prihalate Esters by Gas Chromatography with Electron
Capiure D'Etﬂ:hunhl!ilm:l ™
MErosamines by Gas L'.rl'-umi::glpﬂy
iUrganochiorine F:ibuﬂ::gﬁ
Polychicrinaled Biphemys | i wﬁummm

Revison &
July 2014
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Mothod B0BS: Compound.independent Elemental Quanstabon of Pestcides
zgzgmmmmmmmm

Mothod 8091: Nercaromatics and C Ketones by Gas Chromatography

Mothod B09S: Explosm:hyGasOy:;wgwhyw

Method 8100 Polynuciear Aromatic Hydrocarbons

Maothod B111: Haloethers by Gas C

Mothod 8121: Chiorinated Hydrocarbons by Gas lograpty:
Capitary Colurn Technique

Mothod 8131: Anine and Selected Denvatives by Gas Chromatograpty

Mothod 81418:  Organophosphorus Compounds by Gas Chromatogra

Method 8151A: Mmmu;!swm@.zg' or 2
Pentafluorobenzyiation

432

Gas chromatographic/mass spectrometnc methoos

Prior to employing the methods in this chapter, analysts are advised %0 consult the

dsdamer stasemnent at the font of T¥s manual and the nformabon in Chapler Two for
guidance on the alowed Bexabiity in the chowce of apparatus, reagents, and supples.  In
addron, uriess specibied n a reguiabon, the use of SW.-546 metheds s not mandatory in
response 1o Federal testing requerements.  The mdormation contained in each procedure is
provided by EPA as bbeumzhrm;ﬂmdhngdﬂdmmxﬁyn
makng judgmenss necessary 10 meet the or needs for the ntended use of the data

The following methods are incluced In this section:

Mothod 82608: Volsle Organic Compounds by Gas Chromatographyiass
Specromery (GOMS)
Mothod 8261 Volsle Organic Compounds by Vacuum Distilation in
Combnation with Gas Chromatographyass Spectrometry
(VDIGCMS)
Mothod 82700:  Semivolatie Organic Compounas by Gas
Chromat S (GCMS)
Mothod B278A:  Semavolatie Compounds {; and PCBs) in
Solw/'Sudges and Solid Wasies Using Thermal Extraction'Gas
Spectrometry (TE/GCMS)
Mothod B27&: Toxaphene and Taxaphene Congeners by Gas
ChromatographyNegative jon Chemical lonzation Mass
Mathod 82808: W‘mu)o (*C00Os) and
P-Lhawns )
Wm(ms)bngm
ChromatograpiryLow Resoluion Mass Spectrometry
(HRGCLRMS)
Mathod B290A: Dibenzo-p-dioxns (PCODs) and
Polychionnated Dibenzofurans (PCOFs) by High-Resciuton
Gas ChromatograptyiHg Spectrometry
[HRGC/HRMS)
Appondix A: Procedures for the Collection, Handing,
SW 848 Update V FOUR - 15 Revision 5

July 2014
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Analysis and Reporing of 'Wipe Tests Performed within e
Labaratony

4331 High perormance liquid chromaiographic meshods

Prior o empioying the methods in this chapter, analysts are advised bo consult the

disdaimer staternent at the: front of $es manual and the information in Chapter Twao for
guidance on fhe alowed fiexdbiity in the choioe of apparatus, reagenis, and supples. In

addifion, unless specifisd ina reguiation, the vse of 5W-846 methods is not mandatory in
response to Federal testing requrements.  The ndormabon contaned in each procedure is
prowvided by EFA as guidance mmwmmmuqum community in
making judgments necessary 1o meset Hhe or needs for the inbended use of the data.

The: following methods are included in this section:

Mothod B310: Pao Cl=ar Arcematic
Mothod B31 54 D:!Imtu'n'rﬂl:ﬂd Emmwmmm by High Perfformance
(HPLL)

Appandix A: P teystalizason o 2 4.Dniroghenhysrazine
[DMPH)

Meothod B31E: Acrdamide, Acryionitrie and Acrolen by High Pedomance

(HPLL)

Method B3184A: mmmmm%@mm Liquedl
Chromatography {HPLC)

Mothod BI21B: Sakent-Extractable Momabaale Compounds by High-
Performance Liquid ChromaiograpinyThermospray'Mass

(HPLETESMS) or Ulirandoket (LW} Desschon

Method B325: Sakent Extractable Morwolatie Compounds by High
Performance Liquid ChromaiograpiyParticie Beamifass
Specirometry (HPLCFEME)

Mothod B3304-  Hitmaromatbics and Meramines by High Performance Liquid
Chromatography (HPLC)

Meothod B331: Tetrazene by Reverse Phase High Perdomance Liguid
Chromatography {HPLC)

Method 8332 Hitroglyoerne by High Performance Liquid Chromatography

4.34 irfrarsd methods

Frior to emplosging the meshods in this chapter, analysis are advised to consult the
disdaimer statement at the: front of fhis manual and fhe information in Chapber Two for
guidance on Te aliowed fiesxibiity in the choice of apparatus, reagents, and supphes. In
addion, uniess specified in a reguiation, the use of 5%W-846 methods is not mandatory in
response io Federal festing requirements.  The indformabon contained in each procedure is
provided by EFA as guidance to be used by the analys! and the reguiaied community in
making judgments necessary 1o meet the DO0s or needs for the nbended use of the data.

The follreang methods are included in this section:

Sy -Bab Update W FOUR - 16 Revimon 5
July 2014
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ottiod Ba10: Gas ChromatographyFouner Trarsform Infrared (GEFT-IR)
Enndum:hg;ﬁ'ﬁu‘rndﬂc Crganics: Capilary Column
dralysis of

Method B430: .chiorpettvyl} Ether and Hydrolysis Products by
Direct Agueous injecion GEFT:IR
ethiod Ba40: Total Recoverable Petroisum Hydrocarbons by infrared

Epecirophotometny

435 Mi=zcelanenus specimmeinc methods

Frior to employing the methods: in this chapier, analysts are advised o consull the
discaimer statemneni at the: front of this manual and the information in Chapler Two for
guidance on e alowed fiexdbiity in the choioe of apparaius, reagenis, and suppbes.  in
addibion, unless specifisd ina regulation, the vse of 5W <846 methods is not mandatory in
response io Federal besting resquirements.  The information contained in each procedure s
provided by EFA as E.ldilrl:lE1DbELﬂﬂlgﬂ'E“!|rﬂ and the: regulaied community in
making judgments necessary o meet te or needs for the intkended use of the data.

Thee folloeang method is included in this section:
ettod B520: Continuous Measurement of Formaidehgde in Ambient &ir
44 BWIUNOASSAY METHODS

Frior io empicying the methods in this chapter, analysis are advsed o consult the
disdaimer statemenl at the front of this manual and the information in Chapter Two for guidance
an the aliowed fiexibility in fhe choice of apparates, reagents, and supplies.  In addifon, unless
specified in a regulation, the use of 5W-846 methods is not mandatory in resporse fo Federal
festing requirements.  The information congained in each procedure is provided by EPG s

o be used by T analyst and the reguiabed community i making jJudgments necsssary
ta mest the DO0s or eessds for the inlended use of e data.

The folkpaing methods are included in this section:

ettod 4000: Immunoassay

ettod 40108  Screening for Pentachionophenol by immunoassay

ettiod 4016: Loreening for 2 4-Dichiorophenoyacetic Aod by
Immuncassay

Method 4020: Screening for Polychionnated Biphermyis by immunoas

ettod 4025: Eoreening for Polychioinated I:I'h-um:d::!:-.ﬂ:rrd =

Dibenzofurans (PCOOVFS) by Immunoassay

etiod 4030: ol Soreening for Petmoieum I-Irl:l'mrl:c-ru.hgg.l Immunoassay

eitod 40352 Lol Soreening for Polymuclksar Aromatic Hydrocarbons by
Immuncassay

Weitod 4040: Lol Soreening for Toxaphene by Immunoassyy

Mettiod £041: Lol Soreening for Chiodans by Immunoassry

Mettod 4042: Lol Soreening for 00T by Immunoassay

ethod 4060: THT Explosives mE-uII:-g.IIW
britiod 4061: Hexahydro=1, 3, 5-fmniro=1.,3, 5-inamne | I in Soil by

SW-B46 Update v FOUR - 17 Fiewision 5
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Mothod 4425 Exfracts of Ervvircrmental Samples for Plamar
E‘l'lgi'uc pounds [PAHs, FCBs, PCDOSPCOFs) by a
Reporier Gene on a Human Ced Line

Method 4430c Screening For Polychiorinated Dibereo-p-Cionirs. And Furans
(PCODIFs) By Ary Hydrocarbon-Recepior PCR Assay

Mothod 44835 Method For Towc Equivalents (TEGS) Determinations For
Diooon-Like Chemical Aoty with the &L UXE Bioassay

Method 467 0c Triazine Herticides as Arazane in Waber by Ouanitagve

ImmuncEsEsTy
45 MISCELLANEOUS SCREENING METHODS

Prior o the methods in this chapter, analysts are advised to consult the
disdaimer statemnent at the front of fus manual and e information in Chapter Two for guidance

an the aliowsd fiedbdity in $he choce of apparatus, reagents, and supplies. I addfion, uniess
specified in a reguiation, the use of 5W 845 methods 5 not mandatory in resporse o Federal
feshing requirements.  The imformariion contained in each procedure is prosded by BERA as
gudance to be used by e analyst and the rsgulated community in makng udgments necexsary
fo meet the [30s or nesds for the intended use of e data

The following methods are included in this sechian:

Method 3815 E:amrngﬁuuﬁmﬁmtﬁgam

Muothod 3820c Hexadecane Exfrachon and Soreenn

Method B510c Caolorimetrc Soreening Procedure for IﬂdHl.l.:l: n

Wothiod B515 Colonmetric E-u"zml Method for TranEmiokuens (THT) in Sol

Mothod B535: Screening Procedure for Total Volasile Crganic Halides in
Waler

Mothod 9074: Turthdimesnc Scresning Method for Toll Recoverable
Petroleun Hydrocarbons in Soil

Method 907 8: Screening Test Medhod for Polychionnated Bipheryis in Sol

Method 807 5c Screening Test Medhod for Polychionnased Biphenyis in
Transformer Cul

Swi-Ba6 Update FOUR - 18 Fewimon &
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