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Note du Secrétariat

Conformément au programme de travail 2020-2021 adopté par la COP21, le programme MED POL a
préparé les lignes directrices de surveillance relatives aux indicateurs communs 13, 14, 17 et 20 de
I’IMAP en vue de leur examen lors de la réunion intégrée des groupes de correspondance sur la
surveillance de 1I’approche écosystémique (CORMON) (décembre 2020), tandis que les lignes
directrices de surveillance pour I’indicateur commun 18 ainsi que les lignes directrices de surveillance
relatives a I’assurance qualité et a la communication des données sont en cours de finalisation en vue
de leur examen lors de la réunion du CORMON sur la surveillance de la pollution prévue en avril
2021.

Ces lignes directrices de surveillance contiennent des manuels cohérents destinés a guider le personnel
technique des laboratoires compétents IMAP des Parties contractantes pour la mise en ceuvre des
pratiques de surveillance normalisées et harmonisées liées a un indicateur commun IMAP spécifique
(c’est-a-dire 1’échantillonnage, la conservation et le transport des échantillons, la préparation et
I’analyse des échantillons, ainsi que 1’assurance qualité et la communication des données de
surveillance). Pour la premiére fois, ces lignes directrices présentent un résumé des meilleures
pratiques connues disponibles et utilisées dans la surveillance du milieu marin, en exposant des
pratiques analytiques globales intégrées qui pourront étre appliquées afin de garantir la représentativité
et I’exactitude des résultats analytiques nécessaires a la production de données de surveillance de
qualité assurée.

Les lignes directrices/protocoles de surveillance s’appuient sur les connaissances et les pratiques
acquises au cours des 40 années de mise en ceuvre de la surveillance du MED POL et sur des
publications récentes, mettant en évidence les pratiques actuelles des laboratoires maritimes des
Parties contractantes ainsi que d’autres pratiques issues des conventions sur les mers régionales et de
I’Union européenne. Une analyse approfondie des pratiques actuellement disponibles du PNUE/PAM,
du PNUE et de I’AIEA ainsi que d’HELCOM, d’OSPAR et du Centre commun de recherche de la
Commission européenne a été entreprise afin de contribuer a une approche novatrice pour la
préparation des lignes directrices/protocoles de surveillance de 'IMAP.

Les lignes directrices/protocoles de surveillance abordent également les problémes identifiés lors de la
réalisation des épreuves de compétence organisées par ’UNEP/MAP-MEDPOL et I’AIEA depuis
deux décennies maintenant, les nombreux résultats insatisfaisants dans le cadre des tests inter
laboratoires pouvant étre liés a des pratiques inadéquates au sein des laboratoires compétents de
I’IMAP/MEDPOL.

Afin de soutenir les efforts déployés par les pays, les présentes directives relatives au suivi de la
préparation des échantillons et de I'analyse de I'eau de mer, établies au titre de l'indicateur commun 17
de I'MAP, contiennent les deux notes technigues suivantes :a) une note technique portant sur I'analyse
des échantillons d'eau de mer visant a détecter la présence de métaux lourds, qui comprend les quatre
protocoles suivants : i) protocole relatif a la digestion des PS a I’aide d’acide nitrique et d’acide
fluorhydrique ; ii) protocole relatif a I’analyse des métaux lourds présents dans 1’eau de mer a 1’aide de
la spectroscopie d'absorption atomique par four graphite (GFAAS) ; iii) protocole relatif a ’analyse
des métaux lourds présents dans 1’eau de mer a 1’aide de la spectrométrie de masse a plasma a
couplage inductif (ICPMS) ; iv) protocole relatif a 1’analyse du THg présent dans 1’eau de mer a 1’aide
de la spectroscopie de fluorescence atomique a vapeur froide (CVAFS) ; b) une note technique portant
sur I’analyse des échantillons d’eau de mer visant a détecter des polluants organiques, comprenant les
deux protocoles suivants : i) protocole relatif a ’analyse des pesticides organochlorés et des PCB
présents dans I’eau de mer a I’aide de la chromatographie en phase gazeuse couplée a un détecteur a
capture d'électrons (CPG-DCE) ou de la chromatographie en phase gazeuse couplée a la spectrométrie
de masse (CPG-SM) ; ii) protocole relatif a I’analyse des HAP présents dans I’eau de mer a 1’aide de
la chromatographie en phase gazeuse couplée a un détecteur a ionisation de flamme (CPG-FID) ou de
la chromatographie en phase gazeuse couplée a la spectrométrie de masse (CPG-SM).



Les directives/protocoles de suivi, y compris les directives relatives a la préparation des échantillons et
a l'analyse de I'eau de mer au titre de I'indicateur commun 17 de I'TM AP, établissent une assise solide
en vue de l'actualisation réguli¢re des pratiques de suivi, destinées a favoriser la bonne mise en ceuvre
de I''MAP.

Conformément aux conclusions et recommandations des réunions intégrées des groupes de
correspondance sur la mise en ceuvre de 1’approche écosystémique de 'IMAP (CORMON)
(vidéoconférence, 1-3 décembre 2020), et en particulier au paragraphe 22, la Réunion des CORMON a
demand¢ au Secrétariat de modifier les Lignes directrices/Protocoles de surveillance en abordant les
propositions techniques convenues qui ont été décrites dans le rapport de la Réunion et de soumettre
I’ensemble de ces documents a la réunion des points focaux du MED POL. Les amendements
demandés comprenaient des suggestions techniques écrites qui ont été fournies par plusieurs Parties
contractantes jusqu'a 10 jours apres la réunion intégrée des CORMON. Le document amendé a été
partagé par le Secrétariat le 19 février 2021 pour une période de 2 semaines pour la non-objection des
réunions intégrées des CORMON sur les changements introduits. Suite a 1'absence d'objection de la
réunion intégrée des CORMON, cette directive de suivi est soumise a I'examen de la présente réunion
des points focaux MED POL.
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1 Introduction

1. Dans les exigences de I''lPAM, (PNUE/PAM, 2019a’ et PNUE/PAM, 2019b?), I'eau de mer ne
fait pas partie des matrices obligatoires a analyser dans le cadre du Programme de surveillance et
d'évaluation intégrées (IMAP) du PNUE/PAM, c'est pourquoi aucune liste de polluants n'a été
désignée comme devant étre obligatoirement analysée a ce titre. Cependant, la pollution de l'eau de
mer est un sujet de préoccupation qui pourrait étre abordé a un stade ultérieur de la mise en ceuvre de
I'IMAP. Par conséquent, a ce stade de la mise en ceuvre de I'lMAP, il est recommandé que la
surveillance de 1'eau de mer soit mise en ceuvre par les pays concernés, y compris en ce qui concerne
les polluants que ces derniers considérent comme plus appropriés et pouvant étre surveillés par des
moyens techniques.

2. L'analyse de I'eau de mer est une entreprise complexe comprenant I'échantillonnage, le
traitement et I'analyse des échantillons, dont les modalités de conception et de mise en ceuvre doivent
étre soigneusement étudiées. L'analyse des métaux lourds et des polluants organiques présents dans
I'eau de mer pose un défi majeur, a savoir leur concentration extrémement faible (en particulier au
large), ce qui nécessite un laboratoire ultra-propre pour éviter la contamination croisée des
échantillons, un matériel d'analyse approprié pour mesurer avec précision des concentrations
extrémement faibles et un personnel qualifi¢ pour ce type d'analyse.

3. Les protocoles établis dans le cadre des présentes directives relatives au suivi de la préparation
des échantillons et de I'analyse de I'eau de mer au titre de l'indicateur commun 17 de I'IMAP, tels qu'ils
sont présentés ci-apres, exposent les méthodes appropriées d'analyse de 'eau de mer en vue de détecter
la présence de métaux lourds et de polluants organiques et de garantir ainsi des données de qualité. Il
ne s'agit pas de manuels de formation a l'analyse, mais de directives destinées aux laboratoires
méditerranéens, devant étre testées et modifiées afin de valider leurs résultats finaux. Ces protocoles
visent a rationaliser la préparation des échantillons d'eau de mer et I'analyse des métaux lourds et des
polluants organiques en vue de garantir un niveau d'assurance qualité comparable des données, ainsi
que d'étre en mesure de comparer les pratiques d'échantillonnage et les différents programmes de
surveillance nationaux, en fournissant des orientations étape par étape sur les méthodes a appliquer en
Méditerranée.

4. Afin d'éviter les redites inutiles, il est également fait référence aux protocoles déja publiés et
disponibles en libre acces, qui peuvent également étre utilisés par les laboratoires compétents des
parties contractantes participant a la mise en ceuvre de 'MAP. En ce qui concerne l'analyse des
métaux lourds, les protocoles de I'IMAP présentés ci-apres s'appuient sur les directives/protocoles
¢élaboré(e)s par les entités suivantes : GEOTRACES, HELCOM (annexes I et V), CIEM/OSPAR
(annexe VII) et Agence des Etats-Unis pour la protection de I'environnement (EPA) (annexe 1V), ainsi
que sur les méthodes d'analyse des sédiments élaborées par 'AIEA (annexes |1, Il et VI). Etant
donné que toutes ces directives sont pertinentes dans le cadre de I'IMAP, elles pourraient &tre utilisées
par les laboratoires méditerranéens qui appliquent I'IMAP et qui souhaitent développer leurs propres
méthodes d'échantillonnage et de traitement des échantillons. Les laboratoires des parties contractantes
devraient s'adapter et tester et modifier systématiquement chaque étape des procédures afin d'en
valider les résultats.

5. Le diagramme ci-apres fournit des informations concernant le volet des directives de suivi
relatif a la préparation des échantillons et a I'analyse de I'eau de mer au titre de l'indicateur commun 17
de I'MAP, par rapport a I'ensemble des directives de suivi élaborées au titre des indicateurs communs
13, 14, 17, 18 et 20 de I''MAP.

L UNEP/MAP (2019). UNEP/MED WG.467/5. IMAP Guidance Factsheets: Update for Common Indicators 13, 14, 17, 18,
20 and 21: New proposal for candidate indicators 26 and 27;
2 UNEP (2019 a). UNEP/MED WG.463/6. Monitoring Protocols for IMAP Common Indicators related to pollution;
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Guidelines: Sampling and sample preservation

Guidelines: Sample preparation and analysis

Guideline: Quality assurance

Guideline: Data reporting

Diagramme : Directives relatives au suivi des objectifs écologiques 5 et 9 de 'l MAP

2  Note technique relative a la préparation et a I'analyse des échantillons d'eau de mer en vue
de la détection de métaux lourds®

6. Etant donné qu'aucune liste de métaux lourds considérés comme devant obligatoirement étre
analysés dans l'eau de mer n'a été établie, a ce stade de la mise en ceuvre de I'IMAP, les parties
contractantes a la Convention de Barcelone peuvent décider de prévoir une analyse des métaux dans
leurs programmes de surveillance de 1'eau de mer, en fonction de leurs priorités nationales.
Néanmoins, étant donné que le cadmium (Cd), le plomb (Pb) et le mercure total (THg) sont des
métaux dont la présence doit obligatoirement étre mesurée dans les échantillons de sédiments et de
biotes marins, conformément a 'TMAP (PNUE/PAM, 2019a), il semble opportun d'inclure ces
polluants dans tout programme volontaire de surveillance de I'eau de mer.

7. Les laboratoires nationaux peuvent décider d'utiliser toute méthode d'analyse validée qu'ils
jugent appropriée et qui répond a des critéres de performance spécifiques (LOD, LOQ, précision,
récupération et spécificité). Cependant, afin d'aider les laboratoires d'analyse des parties contractantes,
les protocoles IMAP ont été développés a titre de directives pour I'analyse des métaux lourds dans les
échantillons d'eau de mer. Les laboratoires d'analyse devraient s'adapter et tester et modifier
systématiquement chaque étape des procédures visées dans les protocoles afin d'en valider les résultats
finaux. La liste des méthodes et du matériel d'analyse n'est pas exhaustive, et les laboratoires sont
encouragés a utiliser le matériel ou les méthodes qu'ils jugent appropriés pour la conduite des analyses
concernées.

b) Analyse des métaux lourds

8. L'analyse de 1'eau de mer pourrait étre effectuée en utilisant des échantillons d'eau de mer non
filtrée ou filtrée (0,45 pum). Si I'analyse est effectuée a partir d'eau de mer non filtrée, I'échantillon est
analysé en suivant directement le protocole approprié. Dans ce cas, un sous-échantillon d'eau de mer
doit étre filtré pour enregistrer la teneur en particules en suspension (PS). Si I'eau de mer filtrée et les

3 The term “heavy metals” used in the Guideline refers to both heavy metals and trace elements



UNEP/MED WG.509/26
Page 3

PS contenus dans celle-ci sont analysés, les PS doivent étre décomposées selon les protocoles de
digestion des sédiments, tels que présentés dans le protocole relatif a la digestion des PS a l'aide
d'acide nitrique et d'acide fluorhydrique, figurant dans les présentes directives.

9. En raison de la fourchette estimée de concentration en métal dissous (10-4-10-6 mg kg-1) et
de l'interférence de la matrice saline pendant le processus de mesure, des techniques de
préconcentration ou d'élimination du sel marin doivent étre mises en ceuvre avant l'analyse de la phase
dissoute. En ce qui concerne l'analyse des PS retenues dans le filtre, il convient de procéder a une
premiére étape de digestion, en utilisant un mélange d'acides (HCl, HNO3 et HF). Pour déterminer la
teneur en métaux de l'eau de mer et des échantillons de PS digérés, il est possible d'utiliser des
techniques d'analyse telles que la GFAAS, I'ICPMS, I'lCP-AES (spectroscopie d'émission atomique a
plasma a couplage inductif), des méthodes électrochimiques ou la fluorescence X en réflexion totale
(TXRF).

10. Quelle que soit la méthode d'analyse utilisée, I'analyse des métaux lourds est soumise a
certaines procédures communes a toutes les méthodes d'analyse, telles que I'étalonnage du matériel
d'analyse et les procédures de nettoyage et de manipulation, destinées a éviter la contamination des
échantillons résultant de 1'environnement du laboratoire et des outils et récipients utilisés pour
I'analyse.

b) Etalonnage

11. Les étalons doivent étre préparés a partir de solutions méres standard uniques ou d'étalons
multi-éléments par dilution de la solution mére a l'aide d'acide dilué, le cas échéant. Toutes les
solutions étalon doivent étre stockées dans des flacons volumétriques en polyéthyléne, en verre
borosilicaté ou en quartz. Si elles sont préparées correctement et controlées dans le cadre d'un systéme
d'assurance de la qualité (vérification des anciens étalons par rapports aux nouveaux ; vérification a
l'aide d'étalons provenant d'une autre source), les solutions étalon a faible concentration peuvent étre
conservées pendant une période maximale d'un mois.

12. La procédure d'étalonnage doit répondre a certains critéres de base afin de donner la meilleure
estimation de la concentration réelle en éléments de I'échantillon analysé (HELCOM, 2012a*) (annexe
1):
i) En vue de la préparation de la courbe d'étalonnage (fonction), les concentrations des étalons
doivent se situer dans la fourchette de concentrations correspondant aux conditions pratiques ;

la moyenne de la fourchette doit étre a peu pres égale a la concentration prévue de l'analyte
dans 1'échantillon ;

i)  La précision d'analyse requise doit étre définie et réalisable dans I'ensemble de la fourchette de
concentrations ;

iii)  La valeur mesurée (signal de l'instrument) a l'extrémité inférieure de la fourchette doit étre
significativement différente du blanc analytique (blanc de procédure) ;

iv)  Les propriétés chimiques et physiques des étalons doivent ressembler étroitement a celles de
I'échantillon étudié, c'est-a-dire que la différence de densité entre 1'étalon et 1'échantillon
environnemental doit étre minimisée (ceci est particuliérement important dans le cadre de
mesures a l'aide de l'absorption atomique) ;

13. En vue de la préparation de la courbe d'étalonnage, les concentrations des étalons doivent se
situer dans la fourchette de concentrations correspondant aux conditions pratiques ; la moyenne de la
fourchette doit étre a peu pres égale a la concentration prévue de 1'analyte dans I'échantillon.

C) Eviter la contamination des échantillons

4 HELCOM (2012a). Manual for marine monitoring in the COMBINE programme. Annex B-11, Appendix 1. Technical Note
on the determination of trace metals (Cd, Pb, Cu, Co, Zn, Ni, Fe) including mercury in seawater.
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14.  Afin d'éviter tout risque de contamination des métaux dans le laboratoire, tous les récipients en
verre et en plastique utilisés doivent étre soigneusement nettoyés. Les instructions générales de
nettoyage sont notamment les suivantes :

i) Laisser les récipients tremper toute une nuit dans un récipient en plastique contenant une
solution alcaline a base d'agents de surface (par exemple, une micro-solution a 2 % dans de
I'eau du robinet ou de I'eau distillée).

ii) Rincer abondamment d'abord a 1'eau du robinet puis a I'eau déionisée ultra-pure.

iii) Laisser les récipients tremper dans une solution concentrée de HNO3 de qualité analytique a
10 % (v/v) a température ambiante pendant au moins 6 jours.

iv) Rincer abondamment a 1'eau déionisée ultra-pure (au moins 4 fois).
V) Laisser les récipients sécher sous une hotte a flux laminaire.

vi) Stocker les récipients dans des sacs plastiques fermés en polyéthyléne a fermeture éclair pour
éviter tout risque de contamination avant utilisation.

15. Cette procédure doit étre utilisée pour tous les articles en plastique utilisés en laboratoire
comme les embouts, les coupelles pour les échantillonneurs automatiques ou encore les récipients en
plastique.

16. Dans le cadre de la présente note technique, les directives relatives a la préparation et a
l'analyse des échantillons d'eau de mer aux fins de la détection de métaux lourds contiennent les
protocoles IMAP suivants :

- protocole relatif a la digestion des PS a I'aide d'acide nitrique et d'acide fluorhydrique ;

- protocole relatif a ’analyse des métaux lourds présents dans 1’eau de mer a I’aide de la
spectroscopie d'absorption atomique par four graphite (GFAAS) ;

- protocole relatif a I’analyse des métaux lourds présents dans 1’eau de mer a 1’aide de la
spectrométrie de masse a plasma a couplage inductif (ICPMS) ;

protocole relatif a I’analyse du THg présent dans 1’eau de mer a I’aide de la spectroscopie de
fluorescence atomique a vapeur froide (CVAFS) ;

17. Ces protocoles sont fondés sur les directives élaborées par les entités suivantes :
GEOTRACES®, HELCOM (2012a) (annexe 1), CIEM/OSPAR (2012°) (annexe VII) et Agence des
Etats-Unis pour la protection de I'environnement (EPA) (19957) (annexe V). Les méthodes d’analyse
sont également basées sur des procédés similaires, qui ont été développés pour d'autres milieux
(sédiments) (AIEA, 2012a® (annexe I1) et 2011b° (annexe I11).

2.1  Protocole relatif a la digestion des PS a I'aide d'acide nitrique et d'acide fluorhydrique

18. Les échantillons de particules en suspension (PS) doivent étre digérés avant d'étre analysés. La
vitesse de digestion et l'efficacité de la décomposition des acides augmentent considérablement avec
des températures et une pression élevée, c'est pourquoi la digestion par micro-ondes dans des
récipients fermés fait figure de méthode privilégiée. Toutefois, en I'absence de matériel adéquat, il est
possible de procéder a la digestion de 1'échantillon sur une plaque chauffante. La méthode de digestion

5 GEOTRACES (2017). Sampling and Sample-handling Protocols for GEOTRACES Cruises (Version 3), edited by the 2017
GEOTRACES Standards and Intercalibration Committee.

6 |CES/OSPAR (2012). JAMP guideline on monitoring of contaminants in seawater: Annex 1: Guidelines for Monitoring of
Contaminants in Seawater. ICES Advice 2012, Book 1

7 US EPA (1995). Method 1640: Determination of trace elements in ambient waters by on-line chelation preconcentration
and Inductively Coupled Plasma Mass Spectrometry.

8 |AEA (2012). Analysis of trace metals in biological and sediment samples: Laboratory procedure book

9 |AEA (2011b) Recommended method for the determination of selected trace element in samples of marine origin by atomic
absorption spectrometry using graphite furnace
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dissout complétement le matériel de filtration, il est donc primordial d'utiliser un matériel de filtration
a trés faible teneur en métaux, pour éviter toute mauvaise interprétation des résultats (polycarbonate
ou acétate de cellulose).

19. L'utilisation d'acide fluorhydrique (HF) est nécessaire pour permettre la désintégration
compléte de la teneur en silicate des PS et le calcul de la charge totale de métaux. En outre, les
matériaux de référence certifiés (MRC) de sédiments, qui peuvent également étre utilisés pour
I'analyse des PS, fournissent des valeurs certifiées pour les concentrations totales de métaux. Par
conséquent, il est nécessaire de mesurer la teneur totale en métaux des échantillons de PS pour
renforcer I'assurance qualité des données.

a) Digestion acide par micro-ondes dans des systémes fermés (utilisée pour les métaux lourds en vue
de I'analyse par GFAAS et ICPMS)

20. La digestion des PS peut étre effectuée dans des flacons fermés en téflon, sous chaleur et
pression, en suivant la méthodologie proposée pour les sédiments (Loring et Rantala, 1991%°). Les
filtres contenant les PS, dont le poids en PS est déja connu, sont transférés dans un flacon en téflon a
l'intérieur d'une hotte laminaire adaptée aux vapeurs acides. Ensuite, il convient de suivre le protocole
relatif a la digestion des sédiments (AIEA, 2011a). Il convient également d'ajouter environ 5 ml
d'acide nitrique et 2 ml d'acide fluorhydrique et laisser réagir chaque récipient pendant au moins 1
heure (ou plus si possible). Aprés la prédigestion a température ambiante, il faut ajouter 2 ml de
peroxyde d'hydrogéne en faisant preuve de prudence, puis fermer les récipients et les placer dans
l'appareil a micro-ondes et suivre les étapes de digestion, conformément a la méthode de I'AIEA
intitulée « Méthode recommandée sur la digestion par micro-ondes d'échantillons marins pour la
détermination Analyse de la teneur en éléments traces » (annexe II, AIEA 2011a). Etant donné que les
récipients fermés retiennent 'acide fluorhydrique, il faut ajouter de 'acide borique apres la digestion
de l'acide fluorhydrique pour complexer I'acide fluorhydrique restant et rendre la solution obtenue
moins dangereuse, tout en empéchant la précipitation du fluorure d'aluminium. Apres la digestion, les
récipients sont retirés de I'appareil a micro-ondes et placés dans une hotte ventilée pour refroidir.
Lorsque la pression est suffisante, les récipients sont ouverts et leur contenu est transféré dans un
flacon volumétrique et ajusté a un volume défini. Tous les réactifs utilisés sont de qualité analytique.

b) Digestion acide sur plaque chauffante

21. GEOTRACES (2017) propose une méthode de digestion des filtres et des PS par HF et HNO3
dans des conteneurs en téflon placés sur une plaque chauffante. L'utilisation de HF est essentielle en ce
que ce dernier est le seul acide qui dissout complétement les silicates et libére tous les métaux.

22. Procédure de digestion avec destruction compléte du matériel de filtration

i) Idéalement, un filtre doit étre digéré par flacon de digestion.

i) Une solution de digestion a 10 % de HF/50 % de HNO3 (v/v) est recommandée pour obtenir
une dissolution compléte de tous les types de particules, et en particulier pour mettre tous les
matériaux lithogenes en solution.

iii) 1l convient de placer les filtres MF-Millipore au fond du flacon car c'est dans ces conditions
que 1'on obtient une digestion compléte du filtre en cellulose.

iv) Il faut couper proprement les filtres de 47 mm en deux a l'aide d'un scalpel a lame céramique,
ou d'un cutter rotatif, et placer chaque moitié sur chaque extrémité du flacon pour le reflux.

V) En général, pour un filtre de 25 mm de diamétre, ajouter 1 ml de solution a 50 % de HNO3/10
% de HF dans chaque flacon. Faire tournoyer 1'acide a I'intérieur du flacon pour le mettre en
contact avec le filtre.

vi) Bien fermer les couvercles et placer les flacons sur une plaque chauffante ayant une surface en
téflon ou en silicone a 130° C pendant 4 heures.

vii) Aprées une période de refroidissement, faire retomber toutes les gouttelettes provenant du
couvercle et de l'intérieur des flacons au fond du flacon, soit en tapotant les flacons scellés,
soit en faisant tournoyer la solution.

10 oring DH and Rantala RTT (1991). Manual for the geochemical analyses of marine sediments and suspended particulate
matter. Earth-Science Review, 32: 235:283. Elsevier Science Publishers B.V
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viii) Faire sécher la solution sur la plaque chauffante a 130° C. Observer jusqu'a ce qu'elle soit
presque seche, en réduisant la chaleur si nécessaire. Retirer le flacon lorsque le volume de la
gouttelette est réduit a un volume <5 pL.

iX) Cette étape réduit le taux de HF dans 1'échantillon, et permet a la matrice de se transformer en
acide nitrique dilué pour I'analyse. Des lampes chauffantes montées proprement au-dessus de
la plaque chauffante peuvent contribuer a éviter la condensation sur les parois des flacons.

X)  Au besoin, ajouter 100 uL. de HNO3 concentré, directement sur la gouttelette résiduelle, et
sécher a nouveau pour obtenir une gouttelette de méme taille. Cela garantit une élimination
suffisante du HF, de sorte que les composants en verre et en quartz du systéme d'introduction
de l'instrument d'analyse ne sont pas attaqués ou détériorés.

2.2 Protocole relatif a I'analyse des métaux lourds dans I'eau de mer a I'aide de la GFAAS

23. Dans 1'eau de mer, Al, Cd, Pb, Cu, Cr, Ni, ainsi que d'autres métaux, peuvent étre détectés par
spectroscopie d'absorption atomique par four graphite (GFAAS), qui présente une sensibilité adéquate
pour ces déterminations. L'analyse directe de I'eau de mer est limitée par les tres faibles concentrations
de métaux et les interférences spectrales et non spectrales causées par la matrice de I'eau de mer, c'est
pourquoi une étape de préconcentration est souvent utilisée en vue d'éliminer la matrice avant
I'analyse.

24, Avant de procéder a I’analyse, les métaux dissous peuvent &tre préconcentrés sur de la résine
Chelex-100 (Kingston, et al, 1978). Le pH des échantillons d'eau de mer est ajusté a 5 - 5,5 et
I'échantillon est passé a travers une résine Chelex-100. Les métaux alcalins et alcalino-terreux sont
ensuite ¢lués de la résine a I'aide d'acétate d'ammonium (CH3COONH4) et les éléments-traces sont
¢lués a l'aide de deux aliquotes de 5 ml contenant 2,5 M de HNO3. L'ensemble du traitement des
échantillons d'eau de mer, y compris la préconcentration des métaux, doit étre effectué¢ dans des
conditions propres (salle blanche ISO 5) en prenant des précautions pour éviter toute contamination
métallique des échantillons (tenue vestimentaire appropriée, y compris les gants). Tous les réactifs
sont de qualité analytique. Le systéme de préconcentration consiste en une colonne de résine
chélatante, une boucle d'échantillonnage congue pour des tuyaux inertes a haute pression et a faible
diamétre (tels que 1'éthyléne tétrafluoroéthyléne - ETFE), un systéme de pompage de I'éluant
permettant de libérer un ou deux éluants, une alimentation en gaz argon et des réservoirs de solution
(méthode 1640 de I'Agence des Etats-Unis pour la protection de I'environnement, 1995 ; annexe I11).

25. La préconcentration automatique des métaux dans I'eau de mer peut étre réalisée grace au

systéme SeaFAST, qui améliore les limites de détection des éléments dans I'eau de mer non diluée, a
la fois en préconcentrant I'analyte et en éliminant les composants de la matrice. Le systéme peut étre
utilisé hors ligne en utilisant une colonne de chélation pour préconcentrer les métaux avant l'analyse.

26. L'échantillon d'eau de mer préconcentré est ensuite analysé en vue de détecter la présence de
métaux lourds a 'aide de la GF-AAS, conformément au protocole d'analyse établi par I'AIEA (2011)
présenté dans 'annexe |11, intitulée « Analysis of trace metals in biological and sediment samples »
(Analyse des éléments-traces métalliques dans les échantillons biologiques et les sédiments).

2.3 Protocole relatif a 'analyse des métaux lourds dans I'eau de mer a I'aide de I'CP-MS

27. La spectrométrie de masse a plasma a couplage inductif (ICPMS) est a ce jour un instrument
de pointe en matiere d'analyse des métaux, qui permet de déterminer des concentrations inférieures au
niveau pg/L d'un grand nombre d'éléments dans 1'eau. Cependant, 1'analyse directe de I'eau de mer est
limitée par les interférences spectrales et non spectrales causées par la matrice de 1'eau de mer, c'est
pourquoi il est souvent nécessaire de prévoir une étape de préconcentration en vue d’éliminer la
matrice avant I'analyse.

28. L'TCPMS permet une analyse rapide d'un large éventail de métaux lourds. La plupart des
instruments de routine reposent sur un spectrometre de masse quadripolaire, de sorte que la résolution

1 Kingston, H.M., Barnes, I.L., Brady, T.J., Rains, T.C., and Champ, M.A. (1978). Separation of eight transition elements
from alkali and alkaline earth elements in estuarine and seawater with chelating resin and their determination by graphite
furnace atomic absorption spectrometry. Analytical Chemistry, 50 (14): 2064-2070.
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de masse n'est pas assez élevée pour éviter le chevauchement des éléments a double charge ou des ions
multi-éléments (principalement des hydrures, des oxydes et des hydroxydes) formés dans le plasma.
La principale préoccupation réside dans les interférences de l'argon (Ar) car le plasma est
généralement un plasma d'argon, qui chevauche 1'As. Certains éléments sont sujets a des effets
mémoire (en particulier le Hg) et nécessitent des précautions supplémentaires pour éviter les effets de
report (HELCOM 2012a).

29. La méthode 1640 (1994) de I'EPA décrit la détermination multi-élément des métaux lourds
dans les échantillons d'eau a l'aide de ’ICPMS. La méthode comprend une premiére étape de
préconcentration au moyen d'une résine chélatante (Chelex 100) qui repose sur un systéme constitué
d'une colonne comportant de la résine chélatante, d'une boucle d'échantillonnage congue pour des
tuyaux inertes a haute pression et a faible diamétre (tels que 1'éthyléne tétrafluoroéthyléne - ETFE),
d'un systéme de pompage de I'¢luant permettant de libérer un ou deux éluants, d'une alimentation en
gaz argon et de réservoirs de solution. Le systéme de préconcentration est relié a 'lCPMS aux fins de
la détection de métaux. La méthode 1640 de I'EPA est présentée a I'annexe IV. Le systéme automatisé
de préconcentration des métaux SeaFAST peut fonctionner en ligne, en liaison avec I'lCPMS.

2.4  Protocole relatif a I'analyse du mercure total dans I'eau de mer a I'aide de la CVAFS

30. Le mercure total présent dans l'eau de mer peut étre analysé efficacement par spectroscopie de
fluorescence atomique a vapeur froide (CVAFS) et par spectrométrie de masse a plasma a couplage
inductif (ICPMS) (avec dilution isotopique). La spectrométrie d'absorption atomique a vapeur froide
(CVAAS) n'est pas une méthode optimale pour I'analyse du mercure car, selon les exercices
d'interétalonnage menés par GEOTRACES (2017), la méthode ne présente pas une sensibilité
suffisante pour détecter le Hg total. La CVAFS a l'avantage de permettre une détection rapide du Hg
total et du DGM (Hgo + (CH3)2Hg) en mer, tandis que I'lCPMS a le potentiel de déterminer une
limite de détection absolue plus basse. Les protocoles relatifs a 1'échantillonnage et a la manipulation
des échantillons dans le cadre des croisiéres GEOTRACES (GEOTRACES, 2017) contiennent des
recommandations sur la procédure a suivre pour déterminer le Hg total dans I'eau de mer a l'aide de la
CVAFS.

3 Note technique relative a la préparation et a I'analyse d'échantillons d'eau de mer en vue de
la détection de polluants organiques

31. Comme cela a déja été précisé plus haut pour les métaux, étant donné qu'aucune liste de
polluants organiques considérés comme devant obligatoirement étre analysés dans I'eau de mer n'a été
établie, a ce stade de la mise en ceuvre de I'IMAP, les parties contractantes a la Convention de
Barcelone peuvent décider de prévoir une analyse des polluants organiques dans leurs programmes de
surveillance de 1'eau de mer, en fonction de leurs priorités nationales Néanmoins, étant donné que les
composés organochlorés et les HAP sont des polluants dont la présence doit obligatoirement étre
mesurée dans les échantillons de sédiments et de biotes marins, conformément a 'lMAP (PNUE/PAM,
2019a; PNU/PAM 2019b), il semble opportun d'inclure ces polluants dans tout programme volontaire
de surveillance de I'eau de mer.

32. Les mémes méthodes d'analyse que celles utilisées pour les extraits de sédiments peuvent étre
utilisées aux fins de la détection des polluants lipophiles dans les extraits d'échantillons d'eau.
Cependant, la répartition des polluants dans I'eau de mer est influencée par leur polarité. Par
conséquent, davantage de composés organiques hydrophiles (tels que les HAP a 2 et 3 cycles et les
isomeéres du HCH) sont diffusés dans la phase dissoute, tandis que davantage de composés lipophiles
(tels que les HAP a 4 et 6 cycles, le groupe DDT et les PCB) se trouvent principalement dans les PS.

33. Dans les programmes de surveillance, 'eau de mer totale (non filtrée) est généralement
analysée en vue de détecter les polluants organiques. La procédure d'analyse comprend 'extraction
simultanée des polluants organiques de I'eau de mer, le nettoyage et la détermination analytique.
L'extraction des polluants organiques permet également de concentrer les composés et donc de les
enrichir dans la solution a analyser. Il s'agit d'une étape importante, dans la mesure ou les
concentrations de polluants organiques dans 1'eau de mer totale sont extrémement faibles (de 10 pg L-
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1 a 10 ng L-1, HELCOM, 2012b'?). L'extraction peut se faire par extraction liquide-liquide (ELL) (a
I'aide d'un solvant apolaire comme I'hexane) ou par extraction en phase solide (SPE). 1l convient de
souligner que toutes les étapes de la procédure sont susceptibles d’aboutir a une récupération
insuffisante ou de provoquer une contamination. Par conséquent, des procédures réguliéres de
controle de la qualité doivent &tre appliquées pour vérifier l'efficacité de l'ensemble de la méthode.

34. Une description des procédures d'extraction de 1'eau de mer par extraction liquide-liquide
(ELL) et extraction en phase solide (SPE) est présentée dans la « Note technique relative a la détection
des polluants organiques persistants dans I'eau de mer » établie par HELCOM (2012b) (annexe V). Il
convient de noter que la SPE a l'avantage de permettre d'extraire de trés grands volumes d'eau (jusqu'a
1000 L) et de comporter une séparation de phase permettant d'obtenir des échantillons distincts (PS et
phase soluté). Toutefois, la méthode nécessite un temps d'échantillonnage plus long et une
instrumentation plus complexe et pose des problémes de validation et de contrdle de l'efficacité de
I'extraction. D'autre part, I'ELL présente I'avantage de pouvoir étre facilement validée et contrdlée, car
des étalons internes peuvent €tre ajoutés avant l'extraction. La limitation du volume de I'échantillon
n'est que relative, car un volume d'échantillonnage de 100 L est suffisant pour presque toutes les
activités de surveillance. HELCOM (2012b) conclut en expliquant qu'en raison de la robustesse de la
méthode, il est préférable de recourir a I'ELL a des fins de surveillance de routine pour tous les
polluants organiques lipophiles.

35. Bien qu'il y ait moins d'interférences des composés de la matrice dans les échantillons d'eau de
mer que dans les sédiments ou le biote, les extraits nécessitent un nettoyage avant la séparation et la
détermination par chromatographie. HELCOM (2012b) propose une procédure de nettoyage au
moyen de courtes colonnes de chromatographie contenant du gel de silice, qui peut étre appliquée avec
les méthodes CPG-ECD et CPG-SM, en utilisant de la silice séchée a 200° C puis lavée avec du
CH2CI2 et de I'nexane. L'extrait d'échantillon a I'hexane est appliqué sur le dessus de la colonne et
¢élué avec du CH2Cl2/hexane puis avec de l'acétone. La fraction 1 contient tous les composés
lipophiles d'intérét [HAP et tous les composés organochlorés (de HCB a HCH)] ; cette fraction peut
étre utilisée pour la détermination par CPG-SM apres concentration a 50-300 pl. Tous les réactifs sont
de qualité analytique.

36. Apres I'extraction et le nettoyage simultanés, la détermination des pesticides organochlorés -
PCB et HAP - sera effectuée selon les procédures analytiques respectives. Les laboratoires nationaux
peuvent décider d'utiliser toute méthode d'analyse validée qu'ils jugent appropriée et qui répond a des
critéres de performance spécifiques (LOD, LOQ, précision, récupération et spécificité). Les protocoles
de I'IMAP présentés ci-apres s'appuient sur les directives élaborées par HELCOM (2012b) (annexe V)
concernant I'analyse des polluants organiques (hydrocarbures chlorés et HAP) dans 1’eau de mer et sur
la méthode d’analyse établie par le PNUE/I’AIEA (2011%3) (annexe V1), relatives a I’analyse des
hydrocarbures chlorés dans des sédiments. Les laboratoires d'analyse devraient s'adapter et tester et
modifier systématiquement chaque étape des procédures présentées dans les protocoles ci-apres de
I’IMAP afin d'en valider les résultats finaux. La liste des méthodes et du matériel d'analyse n'est pas
exhaustive, et les laboratoires sont encouragés a utiliser le matériel ou les méthodes qu'ils jugent
appropriés a la conduite des analyses concernées.

37. Dans le cadre de la présente note technique, les directives relatives a la préparation et a
l'analyse des échantillons d'eau de mer aux fins de la détection de composés organiques contiennent
les protocoles IMAP suivants :

- Protocole relatif a I’analyse des pesticides organochlorés et des PCB présents dans 1’eau de
mer a 1’aide de la chromatographie en phase gazeuse couplée a un détecteur a capture
d'¢lectrons (CPG-DCE) ou de la chromatographie en phase gazeuse couplée a la spectrométrie
de masse (CPG-SM) ;

12 HELCOM (2012b). Manual for marine monitoring in the COMBINE programme. Annex B-11 Appendix 2: Technical
annex on the determination of heavy metals and persistent organic compounds in seawater. Appendix 2. Technical note on
the determination of persistent organic compounds in seawater

13 UNEP/IAEA (2011b). Recommended method on the determination of petroleum hydrocarbons in sediment samples.
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- Protocole d'analyse des HAP dans I'eau de mer par Chromatographie en phase gazeuse -
Spectroscopie de masse (GC-MS).

38. Ces protocoles sont basés sur les méthodes d'analyse élaborées par le PNUE/I'AIEA (2011) :
Préparation d'échantillons en vue de l'analyse de certains composés organochlorés dans le milieu
marin. Méthodes de référence applicables aux études sur la pollution marine n°® 71, HELCOM
(2012b) : Manuel relatif a la surveillance du milieu marin dans le cadre du programme COMBINE.
Annexe B-11, Appendice 2. Note technique relative a la détermination des polluants organiques
persistants dans I'eau de mer) et CIEM/OSPAR (2012) : Directives JAMP pour la surveillance des
polluants dans I'eau de mer.

3.1  Protocole relatif a 'analyse des pesticides organochlorés et des PCB dans I'eau de mer par
la CPG-DCE ou la CPG-SM

39. Aprées extraction et nettoyage, comme décrit dans la note technique relative a la préparation et
a l'analyse des échantillons d'eau de mer en vue de détecter des polluants organiques, les pesticides
organochlorés et les PCB peuvent étre analysés par CPG-DCE ou CPG-SM en suivant les directives
relatives a l'analyse des matrices de sédiments et de biotes proposées par le PNUE/I'AIEA (2011)
(annexe V1), HELCOM (2012b) (annexe V) et le CIEM/I’OSPAR (annexe VII).

3.2 Protocole relatif a 'analyse des HAP dans I'eau de mer par GC-MS

40. Apres extraction et nettoyage, comme décrit dans la note technique relative a la préparation et
a l'analyse des échantillons d'eau de mer en vue de détecter des polluants organiques, les HAP peuvent
étre analysés par GC-MS en suivant les directives relatives a I'analyse des matrices de sédiments et de
biotes proposées par HELCOM (2012b) (annexe V) ou le CIEM/I’OSPAR (annexe VII).
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HELCOM Manual for marine monitoring in the COMBINE programme

ANNEX B-11 TECHNICAL NOTE ON THE DETERMINATION OF HEAVY
METALS AND PERSISTENT ORGANIC COMPOUNDS IN SEAWATER

ANNEX B-11, APPENDIX 1. TECHNICAL NOTE ON THE DETERMINATION OF TRACE
METALS (CD, PB, CU, CO, ZN, NI, FE), INCLUDING MERCURY, IN SEAWATER

Introduction

General technigques which address the questions of water sampling, storage, filtration procedures and
determination of trace metals in natural sea water are described by Sturgeon and Berman (1987) and
Gill and Fitzgerald (1985, 1987).

For the determination of mercury in sea water, the chemical species of this element are of importance.
Therefore, a differentiation between the several Hg species, including ionic, volatile, dissolved
(organic) complexes or particulate adsorbed Hg, has to be considered during sample preparation.

Several definitions of mercury compounds are common (Cossa et al., 1996, 1997), for example:
Reactive mercury (HgR): A methodologically defined fraction consisting mostly of inorganic Hg(ll).

Total mercury (HgT): Mercury content of an unfiltered sample, after digestion with an oxidizing
compound (e.g., K MnO,).

Total dissolved mercury: Mercury content of a filtered sample, after digestion with an oxidizing
compound (e.g., K MnO,).

Dissolved gaseous mercury (DGM): This includes elemental mercury (Hg), monomethylmercury
(MM-Hg) and dimethylmercury (DM-Hg).

1. CLEAN LABORATORY; CLEAN BENCHES

Particles are everywhere, including dust in the air or on clothes, hair or skin. Owing to the clothes, the
person who is working with the samples for trace metal analysis is the main source of contamination
because this person is a particle producer. One of the most important things during sample
pretreatment for trace metal analysis is to eliminate particles that can contaminate the samples or the
sample containers from the laboratory environment.

The best way to eliminate most of this contamination is to work under a laminar flow box with a
laminar horizontal flow (sample protection). Recommended conditions for a ‘clean bench' or a 'clean
lab" are class 100 (US Norm) which means that there are still about one hundred particles present per
cubic foot or class 3 (DIN-Norm), which equals 3000 particles per m3 (corresponding to class 100 US
Norm).

2. PREPARATIONS
Chemicals

High purity water (e.g., 'Milli-Q water', 18 M cm?) freshly prepared, is termed ‘water' in the following
text.

A sub-boiling quartz still is recommended for the distillation of highly purified acids and solvents. A
teflon still is recommended for the distillation of HF.

Amalgamation (filtration of oversaturated solutions with goldnet) and volatilization (bubbling with
ultrapure argon) are effective methods to purify (clean) chemicals and solutions for mercury analysis.
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In order to avoid contamination problems, all plastic ware, bottles and containers must be treated with
acids (HCI or HNO3) for several weeks and then rinsed with water and covered in plastic bags until
use.

The following procedures (Patterson and Settle, 1976) are suggested:
Laboratory ware

Store in 2M HCI (high purity) for one week, rinse with water, store in water for one week and dry
under dust-free conditions (clean bench).

Samplers and bottles

Sampling devices: Fill with 1% HNOs (high purity), store at room temperature for three weeks, and
rinse with water .

Teflon/quartz bottles: Store in warm (40 C £5 C) 1:1 diluted HCI for one week. Then rinse with water
and store with 1M HNOs (high purity) until the final use (a minimum of three weeks).

Modified cleaning procedures are required for mercury. Glass containers (borosilicate, quartz) used
for the collection and storage of samples for the determination of mercury are usually cleaned using
an oxidizing procedure described by Sturgeon and Berman (1987). Bottles are filled with a solution of
0.1 % KMnOQg, 0.1% K3>S,0¢ and 2.5 % HNO3 and heated for 2 hours at 80 C. The bottles are then
rinsed with water and stored with 2 % HNO; containing 0.01 % K>Cr,07; or KMnO; until ready for
use.

Filters

Polycarbonate filters (e.g., Nuclepore) (0.4 m, 47 mm diameter) are recommended for trace metals
except mercury. Store the filters in 2M HCI (high purity) for a minimum of three weeks. After rinsing
with water, store for one more week in water.

For the determination of mercury, glass microfibre filters (GF/F grade, Millipore type) and teflon
filters are recommended for the filtration of natural water samples. Cleaning of these filters is
comparable to the procedure used for polycarbonate filters. For GF/F filters, an additional drying step
has to be considered (450 C for 12-24 hr) to volatilize gaseous mercury. This procedure is described
in detail by Queremais & Cossa (1997).

If trace metals in suspended particulate matter (SPM) are to be determined, filters have to be placed in
precleaned plastic dishes, dried in a clean bench for two days, and stored in a desiccator until they are
weighed using an electronic microbalance with antistatic properties. Each filter has to be weighed
daily for several days until the weight is constant. The same procedure for drying and weighing
should be applied to the filters loaded with SPM (Pohl, 1997).

3. SAMPLING AND SAMPLE HANDLING

The basis for the reliable measurement of extremely low concentrations of trace metals in sea water is
a well-performed sampling to avoid contamination risk from the ship. Careful handling is
recommended because copper and tin are still the main substances used in antifouling paints on ships
and there is also a risk of contamination by zinc (anodes of the ship), iron or lead.

In coastal and continental shelf waters, samples are collected using 30 | teflon-coated GO-FLO
(General Oceanics, close-open-close system) bottles with teflon O-rings deployed on Kevlar or on a
Hostalen coated wire. Niskin bottles deployed on rosettes using standard stainless steel hydrowire are
also acceptable. For surface waters, an all-teflon MERCOS-Sampler (Hydrobios) could be chosen.
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PVC gloves should be worn during subsampling into the precleaned quartz or teflon bottles (teflon
has an extra low content of trace metals). Subsampling should be carried out in a clean lab or a clean-
lab container, if available.

Pumping of samples using peristaltic or teflon piston pumps must be carried out using precleaned
silicon- or teflon-lined tubes.

In the absence of clean-lab conditions, sampling and sample handling must be carried out in a closed
system, or contamination cannot be avoided.

For mercury analysis, it should be noted that the integrity during sampling and storage may be
jeopardized by the addition of mercury to the sample as well as by unexpected losses owing to
volatilization.

4. FILTRATION PROCEDURE

In the environmental and geochemical scientific community concerned with water analysis, it has
generally been accepted that the term 'dissolved' refers to that fraction of water and its constituents
which have passed through a 0.45 m membrane filter. This is an operationally defined fraction.
Coastal and shelf water samples have to be filtered to eliminate particles from the water. A number of
metal species pass through this filter pore size, including metals bound to colloids or clays or to
humic, fulvic, amino, and fatty acids.

To prevent desorption of metal ions from particle surfaces or from biological degradation of SPM,
separation between the dissolved phase and the particulate phase has to be done immediately after
sampling by filtering the water through a 0.45 m polycarbonate filter. This procedure should be
carried out under clean conditions (clean benches are recommended on board the ship).

If metals in both the dissolved and particulate phases are to be analysed, pressure filtration with
nitrogen is recommended. After filtration the filter should be rinsed with high purity isotonic solution
to remove sea salt residues. Only a few millilitres are necessary because a change of pH could cause
desorption of metal ions from the particles. In pumping systems, on-line filtration is possible.

5. STORAGE OF SAMPLES

To avoid wall adsorption of metal ions, 1.5 ml HNO3 or HCI (high purity) should be added per litre of
seawater sample immediately after filtration for acidification to pH 1.0-1.6. The sample containers
should be stored in plastic bags under controlled environmental conditions. The filters should be
stored in plastic dishes at -18 C or below. Under these conditions, both water samples and SPM on
filters can be stored for at least one year.

Special consideration must be given to samples destined for Hg determinations. It is necessary to add
either oxidants (Cr.0O-%) in addition to acidification or complexing agents (cysteine) to neutral or
alkaline samples to prevent Hg losses during storage.

6. SAMPLE PRETREATMENT
Water samples

Depending on the expected concentration range (10-7-10-9 gkg?) of trace metals (dissolved) in Baltic
Sea water and because of the salt matrix interfering during the measurement process, preconcentration
techniques and/or the elimination of sea salt has to be carried out prior to the analytical measurement.

Detailed method information is available in the open literature (e.g., Danielsson et al., 1978; Kremling
et al., 1983; and Pohl, 1994).

Filters
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Different methods to analyse the material on the filter are described by Hovind and Skei (1992) and
Loring and Rantala (1991). Pressure decomposition with an acid mixture (HCI, HNOs, HF) is
recommended. If the silica content is high due to diatoms, the HF concentration should be increased
accordingly. If the organic content increases, it is advisable to work with perchloric acid.

Depending on the digestion system used (high pressure autoclave, microwave digestion, wet ashing in
an open system, or dry ashing), the completeness of the digestion is a function of temperature, time,
digestion material and pressure, and has to be tested and validated in pilot studies with (certified)
reference materials (see the detailed remarks in Annex B-7, Section 4.3).

Digestion of samples for mercury analysis must always be carried out in a closed system to prevent
losses by evaporation.

7. INSTRUMENTATION

For the analytical measurements, several analytical technigues can be used, such as GFAAS (graphite
furnace atomic absorption spectrometry), electrochemical methods, ICP-MS (inductively coupled
plasma-mass spectrometry), ICP-AES (inductively coupled plasma-atomic emission spectrometry), or
total-reflection X-ray fluorescence (TXRF).

Because of the very low mercury concentrations in sea water, the most widely used technique for
mercury is the cold vapour technique (reduction of mercury with SnCI2 to elemental Hg) and
preconcentration of mercury by amalgamation on a gold trap. This is followed by atomic absorption
spectrometry or by atomic fluorescence spectrometry, with detection limits adequate for the purpose.
In the case of anoxic (sulfur-containing waters), see Annex B-11.

8. QUALITY CONTROL
The internal quality control is described in Chapter B.5 of the Manual.
Blank

Particularly in the case of trace metal analysis, with high contamination risks at each step of the
analytical work, a satisfactory blank control is necessary. Therefore, it is important to control the
blank daily, for reproducibility and constancy over a longer time. The blank should include all
analytical pretreatment procedures, including the addition of the same quantities of chemical
substances as for the sample.

Calibration

For calibration purposes, single element standard stock solutions at a concentration of 1000 mg dm=3,
purchased from a qualified manufacturer, should be available. Preparation date and concentration
should be marked on the bottle. From this stock solution, a multi-element working standard solution
can be prepared using dilute HCI or HNO3 as required (normally 1M acid is used).

Traceability can be ensured by the use of CRMs or participation in intercomparison exercises.

The working standard should be prepared from the stock standard solution for every batch of samples
and kept no longer than two weeks. Precleaned teflon containers are preferable for storage.

To evaluate effects from the matrix, the method of standard addition can be used, particularly in
connection with the analytical method of voltammetric stripping. For other techniques, the method of
standard addition should generally be used with care (Cardone, 1986a, 1986b).

Reference materials
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Owing to problems in defining the blank, the use of a low-concentration CRM is important. Regular
participation in intercomparison exercises should be considered mandatory.

REFERENCES

Cardone, M. 1986a. New technique in chemical assay calculations. 1. A survey of calculational
practices on a model problem. Analytical Chemistry, 58: 433-438.

Cardone, M. 1986b. New technique in chemical assay calculations. 2. Correct solution of the model
problem and related concepts. Analytical Chemistry, 58: 438-445.

Cossa, D., Coquery, M., Gobeil, C., and Martin, J.M. 1996. Mercury fluxes at the ocean margins. In
Global and regional mercury cycles: sources, fluxes and mass balances, pp. 229-247. Ed. by W.
Baeyens et al. Kluwer Academic Publishers.

Cossa, D., Martin, J.M., Takayanagi, K., and Sanjuan, J. 1997. The distribution and cycling of
mercury species in the western Mediterranean. Deep Sea Research |1, 44(3-4): 721-740.

Danielsson, L.G., Magnusson, B., Westerlund, S. 1978. An improved metal extraction procedure for
the determination of trace metals in sea-water by atomic absorption spectrometry with electrothermal
atomization. Analytica Chimica Acta, 98: 47-57.

Gill, G.A., Fitzgerald, W.F. 1985. Mercury sampling of open ocean waters at the picomolar level.
Deep Sea Research, 32(3): 287-297.

Gill, G.A., and Fitzgerald, W.F. 1987. Picomolar mercury measurements in seawater and other
materials using stannous chloride reduction and two-stage gold amalgamation with gas phase
detection. Marine Chemistry, 20: 227-243.

Hovind, H., and Skei, J. 1992. Report of the Second ICES Intercomparison Exercise on the
Determination of Trace Metals in Suspended Particulate Matter. ICES Cooperative Research Report,
No0.184. 31 pp.

Kremling, K., Olafsson, I., Andreae, M., and Koroleff, F. 1983. Determination of trace metals. In
Methods of seawater analysis. Ed. by K. Grasshoff, M. Ehrhardt, and K. Kremling. Verlag Chemie,
Weinheim. 419 pp.

Loring, D.H., and Rantala, R.T.T. 1991. Manual for the geochemical analyses of marine sediments
and suspended particulate matter. Earth Science Reviews, 32: 235-283.

Patterson, C., and Settle, D. 1976. The reduction of orders of magnitude errors in lead analysis of
biological materials and natural waters by evaluating and controlling the extent and sources of
industrial lead contamination introduced during sample collecting, handling, and analysis. In
Accuracy in trace analysis: Sampling, Sample handling, Analysis, pp 321-351. Ed. by P. LaFleur.
United States National Bureau of Standards Special Publication, No. 422.

Pohl, C. 1994: Meerwasser-Probennahme, Anreicherung und Analytik. In Probenahme und
Aufschluf3. Ed. by M. Stoeppler. Springer-Labormanual, Heidelberg, 181 pp.

Pohl, C. 1997. Trace Metals (Cu, Pb, Zn, Cd, Al, Li, Fe, Mn, Ni, Co) in Marine Suspended Particulate
Matter: An International ICES Intercomparison Exercise. Accredation and Quality Assurance, 2: 2-
10.

Quémerais, B., and Cossa, D. 1997. Procedures for sampling and analysis of mercury in natural
waters. Environment Canada-Quebec region, Environmental Conservation, St. Lawrence Centre.
Scientific and Technical Report ST-31E, 34 pp.



UNEP/MED WG. 482 16
Annex |
Page 6

Sturgeon, R., and Berman, S. 1987. Sampling and storage of natural water for trace metals. In Critical
reviews in Analytical Chemistry. 18(3): 209-244. CRC Press.

Last updated: 29.10.2012 (Annex number changed from Annex B 12 to Annex B 11)



Annex II:

Recommended Method on
MICROWAVE DIGESTION OF MARINE SAMPLES
FOR THE DETERMINATION
OF TRACE ELEMENT CONTENT



UNEP/MED WG. 482 16

Annex 11
Page 1

Environment
Laboratories

REPORT

Recommended Method on

MICROWAVE DIGESTION OF MARINE SAMPLES
FOR THE DETERMINATION
OF TRACE ELEMENT CONTENT

IAEA/NAEL
Marine Environmental Studies Laboratory in co-operation with

UNEP/MAP MED POL

November 2011



UNEP/MED WG. 482 16
Annex 11
Page 2

For further information on this method, please contact:

IAEA-Environment Laboratories
Marine Environmental Studies Laboratory
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NOTE: This method is not intended to be an analytical training manual. Therefore, the
method is written with the assumption that it will be performed by formally trained analytical
chemist. Several stages of this procedure are potentially hazardous, especially stages with

HF; users should be familiar with the necessary safety precautions.

In addition, the IAEA’s recommended methods are intended to be guidance methods that can
be used by laboratories as a starting point for generating their own standard operating
procedure. If performance data are included in the method, they shall not be used as absolute

QC acceptance criteria.

1. SCOPE

The method here below describes the protocol for dissolution of samples from marine origin.
Digests are suitable for analyses of total content of trace element in sediment and biological

material.

The goal of this method is the total sample decomposition with the judicious choice of acid
combinations this is achievable for most matrices. The selection of reagents which give the

highest recoveries for the target analytes is considered the optimum method condition.

The recommended protocol is mainly based on the EPA 3052 method; users are encouraged
to consult this document (EPA, 1996).

2. PRINCIPLE

The grinded and dried samples are solubilized in an acid mixture using microwave oven

apparatus.

The use of hydrofluoric acid allows the decomposition of silicates by reaction of F with Si to
form the volatile SiF4. The excess of hydrofluoric acid is either neutralized by boric acid, or

digests are evaporated to dryness depending on the method used to analyze samples.

3. SAMPLE PRE-TREATMENT
Sediment samples are prepared following the recommendations of UNEP (2005).

Marine organisms are prepared following the recommendations of UNEP (1984, 1994).

4. REAGENTS

The reagents used shall meet the purity requirement of the subsequent analyses
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4.1.
4.2.
4.3.
4.4.
4.5.
4.6.

5.1.

ULTRAPUR WATER (type MilliQ).
NITRIC ACID 65%.
HYDROFLUORIC ACID.
HYDROCHLORIC ACID.

BORIC ACID.

HYDROGEN PEROXIDE.

S. MATERIAL
MICROWAVE APPARATUS

The microwave decomposition system should be temperature controlled. The temperature

sensor should be accurate at £2.5°C. The calibration of the temperature sensor should be done

at least once a year, preferably by the maintenance service of the manufacturer.

The microwave unit should be corrosion resistant.

The unit cavity should be well ventilated and connected to fume cleaner or special

neutralizing system.

The method requires microwave transparent and acid resistant material (i.e. PFA, TFM) to be

used as reactor. The minimal volume of the vessels should be 45 ml and it should be able to

work under the pressure of 800PSI. the reactor system should be equipped with a pressure

relief system.

5.2
5.3.
5.4.
5.5.
5.6.
5.7.

6.1.

6.2.

ANALYTICAL BALANCE with 0.001 g precision at least.

FUME HOOD.

LAMINAR FLOW HOOD.

VOLUMETRIC CONTAINERS of 50 ml or 100 ml in polypropylene.
WEIGHING CUP in polyethylene.

PLASTIC SPATULAS.

6. PROCEDURE

All PLASTIC MATERIAL (i.e. volumetric, weighing cup...) should be acid cleaned by
soaking in laboratory soap (or 10% alcohol) for at least 24h, followed by 24h of soaking
in 10% nitric acid. Stronger acid cleaning protocol could be applied depending on the
requirement of the subsequent analyses.

MICROWAVE VESSELS should be at least cleaned after each use by running the same
microwave program used for samples with 5 ml of HNO;. If the risk of cross
contamination is high (i.e. running sandy sediment after organic rich sediment) and/or in

the case of long storage, the vessels should be cleaned twice. If available, an acid cleaner
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(using acid vapors) can be used as a final cleaning stage. After cleaning, the vessels
should be carefully rinsed with water and dried under a laminar flow hood. If a laminar
flow hood is not available, vessels should be kept locked in double plastic bag; date of
storage should be mentioned on the second bag.

6.3. Accurately weigh 0.1 to 0.5 g of well mixed sample in the microwave vessel.

6.4. In a fume hood, add 5 ml of nitric acid and 2 ml of hydrofluoric acid, close vessels with

caps, then it is recommended to let samples react for at least 1 hour (or more if possible).
Protect vessels by covering them with plastic bags or place them in a laminar flow hood
compatible with acid fume. The quantity of hydrofluoric acid depends on the expected
content of silicon dioxide, samples with low concentrations of silicon dioxide (< 10% like
plant material to 0% like biological sample) may require less hydrofluoric acid (0.5 ml to

0 ml). Examples of acid quantities for different matrix are listed in table below.

HF HNO3 HCI H202 BOI‘iC

(ml) (ml) (ml) (ml) (2
Sediment 2 5 20r0 2 0.8
Fish 0 5 20r0 2 0
Sea plant 0.5 5 20r0 2 0

6.5. After room temperature pre-digestion, add 2 ml of hydrogen peroxide and close the

reactors as recommended by the microwave manufacturer.

NOTE: The quantity and ratio of reagent can be adapted on a performance based judgment

(i.e. visual total digestion, certified reference material results).

In case of a sample containing high calcium carbonate, the hydrofluoric acid content can
be set to 0 to avoid precipitation of insoluble CaF.

A two stage digestion, using half of the hydrofluoric acid at the first stage and half at the
second, could increase recovery and help achieving total decomposition.

Additional reagent can be added depending on the sample composition to achieve complete
dissolution. For example, 242 ml of HCI can be added to help the stabilization of As, Sb,
Hg, Fe and Al at high level; however HCI might increase analytical difficulties for some
techniques (i.e. ICP-MS) (Kingston 1997)

Only one acid mixture or quantity should be used in a single batch, in the microwave, to
insure consistent reaction conditions between all vessels and monitored conditions. This
limitation is due to the current practice of monitoring a representative vessel, and applying
a uniform microwave field to reproduce these reaction conditions within a group of vessels

being simultaneously heated.

6.6. Place the closed reactor in the microwave apparatus, connect temperature and pressure

control as specified by the manufacturer. The samples should be heated at 180°C
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(minimum) in about 6 minutes and the temperature maintained for at least 10 minutes.
The total decomposition is primarily controlled by maintaining samples at 180°C for 10
minutes. The ramping profile can be adapted, especially for safety purpose when very
reactive samples are decomposed (i.e. biological material). In that case, it is
recommended to increase the ramping time to 10 or 15 minutes. If possible, record
temperature and pressure profile. In most samples matrices, pressure should peak

between 5 and 15 minutes; profiles can be used to optimize temperature program.

6.7. At the end of the temperature profile, let the sample cool until the inside temperature goes

down to 60°C, then remove the reactors from the microwave and place them in a
ventilated fume hood. The pressure is carefully released following the manufacturer’s

instruction and reactors are opened.

6.8. In the case of removal of hydrofluoric acid excess with boric acid, 0.8 g of boric acid and

15 ml of water are added in the vessel. The quantity of boric acid is proportional to the
quantity of hydrofluoric acid (usually 0.4 g for 1 ml should be sufficient). The vessels are
closed again and run in the microwave with a program that heat samples at 170°C in 10

minutes and maintain this temperature for 10 minutes.

6.9. At the end of the temperature profile, let the sample cool until inside the temperature goes

down to 60°C, then remove the reactors from the microwave and place them in a
ventilated fume hood. The pressure is carefully released following the manufacturer’s
instruction and reactors are opened. Transfer the samples in a volumetric container and
dilute them to a known volume (or a known weight, this requires to record the tare of

each container before).

NOTE: An excess of boric acid will produce cloudy solutions, this might cause problem with

sample introduction system of ICP. The use of boric acid will prevent measurement of boron,

and possible bias introduced should be carefully investigated.

e If the use of boric acid is not possible, or if it is necessary to reduce the concentration of

acid in final solutions, digest can be evaporated to incipient dryness on a hot plate at about
140°C. This stage should be performed in a controlled environment to avoid contamination
and acid vapour should be treated. Some microwave oven apparatus can perform
evaporation. The residue is then diluted to a known volume in nitric or hydrochloric
diluted solution (usually 2% v/v) depending on the subsequent analytical method used.

In case of insoluble precipitate or residue some extra steps can be performed like the
addition of 2 ml of perchloric acid to the solution before evaporation, but this requires
doing the evaporation under a specific hood for safety reason. Another option is the
addition of 2 ml of concentrated hydrochloric acid, evaporation to near dryness, addition of
concentrated nitric acid, evaporation to near dryness and dilution in known volume in 2%

nitric acid solution.
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Most samples will be totally dissolved by this method with the judicious choice of the acid
combinations. A few refractory sample matrix compounds, such as TiO2, alumina, and other

oxides may not be totally dissolved, and in some cases may sequester target analyte elements.

7. QUALITY CONTROL

7.1. Each microwave batch should contain at the minimum one certified reference material of
representative matrix.

7.2. A duplicate or triplicate sample should be processed on a routine basis. A duplicate
sample should be processed with each analytical batch or every 10 samples. A duplicate
sample should be prepared for each matrix type (i.e. sediment, sea plant, etc.).

7.3. A spiked sample should also be included whenever a new sample matrix is being
analyzed, especially if no certified reference material is available for that matrix.

7.4. Blank samples should be prepared using the same reagents and quantities used in sample
preparation, placed in vessels of the same type, and processed with the samples. Each

microwave batch should contain at least two blank samples.

8. REFERENCES

EPA (1996) U.S. Environmental Protection Agency, EPA method 3052, Microwave assisted
acid digestion of siliceous and organically based matrices Rev 0, December 2007,
(http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/3052.pdf).

Kingston, H. M., Haswell, S (1997), Microwave Enhanced Chemistry, ACS Professional
Reference.

Book Series; American Chemical Society: Washington, DC, 1997.

UNEP (2005), UNEP (DEC)/MED WG@G.282/inf.5/Revl, Method for sediment sampling and
analysis, February 2005, UNEP.

UNEP/IOC/TAEA (1984) reference method 7 rev2: Sampling of selected marine organisms

and sample preparation for trace metal.

UNEP/IOC/TAEA (1994) reference method 57: Quality assurance and good laboratory
practice, UNEP, 1994.
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NOTE: This recommended method is not intended to be an analytical training manual. Therefore
the method is written with the assumption that it will be performed by formally trained analytical
chemist.

In addition, the IAEA recommended methods are intended to be guidance methods that can be
used by laboratories as a starting point for generating their own standard operating procedure.
If performance data are included in the method they must not be used as absolute QC acceptance
criteria.

The recommended protocol is mainly based on EPA 7010 method and ISO 15586 users are
encouraged to consult this documents (US EPA, 2007; ISO 2003)

1. SCOPE:

This International Standard includes principles and procedures for the determination of trace levels
of: As, Cd, Co, Cr, Cu, Ni, Pb, and V in samples from marine origin, using atomic absorption
spectrometry with electro thermal atomization in a graphite furnace. The method is applicable to
the determination of low concentrations of elements. The detection limit of the method for each
element depends on the sample matrix as well as the instrument, the type of atomizer and the use
of chemical modifiers. Table 1 gives approximate working range and characteristic masses.

Table 1 Approximate characteristic masses and typical working range using 20ul sample volume

Element Characteristic mass Mo" Working range
Pg ng ml?

As 15 5-50

Cd 0.8 0.2-2

Co 10 3-30

Cr 3 2-20

Cu 10 3-30

Ni 13 5-50

Pb 15 5-50

v 35 10-100

“The characteristic mass (mo) of an element is the mass in pg corresponding to a signal of 0.00044
unity using peak area as integration

2. PRINCIPLE:
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An aliquot of sample solution (5-50 pL) is introduced into a graphite tube of the GF AAS and
atomized by rapid heating at high temperature. A light beam is directed through the graphite tube,
into a monochromator, and onto a detector that measures the amount of light absorbed by the
atomized element in the tube. Each metal has its own characteristic wavelength therefore a source
hollow cathode lamp composed of that element is used. The amount of energy absorbed at the
characteristic wavelength is proportional to the concentration of the element in the sample.

3. SAMPLE PRE-TREATMENT:
Samples are prepared following the recommended method for microwave digestion of marine
samples for determination of trace element content. (IAEA recommended method, 2011)

4. REAGENTS:

4.1. Water: Reagent water (referenced also as water in the text) should be free of
contamination

4.2. Concentrated acid solution as used for sample preparation (section 3)

4.3. Commercial standard solution 1000ug ml: Use certified reference material solution;
this solution should be accompanied by a certificate that should include at least the
traceability of the certified concentration as well as the expiration date. The density of the
solution or the certified content in mg kg-1 should also be defined to allow preparation of
calibration solution by weighing.

4.4. Calibration solutions: Prepare calibration solutions from the standard solutions (4.3) by
appropriate dilution. Intermediate standard solutions should be prepared in 2% (v/v) nitric
acid. For calibration solution use the same amount of acid as that of the samples solutions.

Calibration solutions below 1 mg/l should not be used for more than one month, and those
below 100 ug/I should not be used for more than one day.

4.5. Blank calibration solution: Prepare a blank calibration solution in the same way as the
calibration solution but without adding standard. The final amount of acid will be the same
as that of the sample solutions.
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4.6. Palladium nitrate/magnesium nitrate modifier

Pd(NO3)2 solution is commercially available (10 g/l). Dissolve 0,259 g of Mg(NO3)2-6H20
in 100 ml of water. Mix the palladium nitrate solution with twice as much magnesium nitrate
solution. 10 pl of the mixed solution is equal to 15 pg Pd and 10 pg Mg(NO3)2. The mixture
is also commercially available.

Prepare a fresh solution monthly.

4.7. Magnesium nitrate modifier
Dissolve 0,865 g of Mg(NO3)2:6H20 in 100 ml of water. 10 pl of this solution is equal
to 50 ug Mg(NO3)2.

4.8. Ammonium dihydrogen phosphate modifier
Dissolve 2,0 g of NH4H2PO4 in 100 ml of water. 10 pul of this solution is equal to 200 pg
NH4H2POA4.

4.9. Ammonium dihydrogen phosphate/magnesium nitrate modifier
Dissolve 2,0 g of NH4H2PO4 and 0,173 g of Mg(NO3)2-6H20 in 100 ml of water. 10 ul
of this solution is equal to 200 pg NH4H2PO4 and 10 pg Mg(NO3)2.

4.10. Palladium/Ammonium dihydrogen phosphate/magnesium nitrate modifier
Mix 2ml of Pd(NO3)2 solution is commercially available (10 g/l), 2ml of Mg(NO3)2
solution prepared as (4.7), 0.5ml of NH4H2PO4 prepared as (4.8) and dilute with water
to 10ml. 4ul of this solution is equal to 8ug of Pd, 4ug of Mg(NOs), and 4ug of
NH4H2PO4.

4.11. Nickel modifier
Dissolve 0,200 g of nickel powder in 1 ml concentrated nitric acid and dilute to 100 ml
with water. 10 pl of this solution is equal to 20 pg Ni. Solutions of Ni(NO3)2 are also
commercially available.

4.12. Iridium solution 1000pug mi-t
Use commercial solution (standard)

4.13. Argon
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5.

6.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

MATERIALS:

Glassware: All glassware, polypropylene, or fluorocarbon (PFA or TFM) containers,
including sample bottles, flasks and pipettes tips, should be washed in the following
sequence -- 24h soaking in laboratory soap (or 10% alcohol) followed by 24h soaking in
10% nitric acid, followed by 10% soaking in water, final rinsing in water, drying under
laminar flow hood. Cleaned items should be kept in double sealed plastic bags

Pipettes: microliter pipettes size ranging from 50 to 10000pl as needed. The accuracy and
precision of the pipettes used should be checked as a routine every 6 months and the
obtained results should be compared with the individual certificates.

Volumetric containers preferably in polypropylene of suitable precision and accuracy

Atomic Absorption Spectrometer equipped with graphite furnace, background
correction system and necessary hallow cathode lamp.

Auto sampler
Polypropylene cups for automatic sampler cleaned as explained in (5.1)

Graphite tubes: pyrolytically-coated with platforms, preferably for highly and medium
volatile elements, whereas elements of low volatility should be atomized from the wall.
Provided satisfactory results are achieved, manufacturer's recommendations regarding the
use of graphite tubes and platforms should be followed.

INTERFERENCES:

Some sample solutions, may contain large amounts of substances that may affect the results. High
concentrations of chloride may cause low results, because the volatility of many elements is
increased and analyte loss may occur during the pyrolysis step. Matrix effects may be overcome,
partially or completely, by the optimization of the temperature program, the use of pyrolytically-
coated tubes and platforms, the use of chemical modifiers, the standard addition technique and the
use of background correction.
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1. CHEMICAL MODIFICATION:

Chemical modifiers are used to overcome spectral and/or non-spectral interferences in a sample
(matrix effects). In general, the aim of chemical modification is to allow a pyrolysis temperature
that is high enough to remove the bulk of concomitants before the atomization step. In order to
ascertain that the modification works, the spike procedures is performed with and without the
addition of a chosen chemical modifier and recovery are compared

Spike experiment:

Spike solution: mix a fixe volume (V1) of sample solution, and a known volume (V2) of a
standard solution of a known concentration (Cstandard)

Unspike solution: mix same fixe volume (V1) of sample solution, and same volume (V2) of
reagent water

Measure concentration C (mg I"%) in both solutions on the calibration curve, and calculate
recovery as:

. . CstandardxV?2
Equation 1 Cspike = e
(V1+V2)
Equation 2 R = C Spike Solution—C Unspike solution % 100

Cspike

To be valid concentrations of spike and unspike solutions should be in the linearity range of the
calibration curve and Spike concentration (equation 1) should be in the range of 50-150% of the
concentration of unspike solution. The recovery should be 100 + 15%

In Table 2 some recommendations of chemical modifiers are given.

Other chemical modifiers may be used if they show consistent results. Graphite tube can also be
pretreated with Iridium (Vasileva 2001) as following:

Inject 50l of the solution and run the temperature program below

Step Temperature (°C) Ramp Time (s) Hold Time (s)
1 100 5 30

2 1200 20 5

3 100 5 2

4 2500 2 10

Repeat this 3 times, the coating is stable for about 200 injections and can be repeated

If chemical modifiers are used, add them to test samples, sample blank solutions, calibration
solutions, and blank calibration solutions. Preferably inject the modifier solution with the auto
sampler directly into the atomizer after the sample is delivered.
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Table 2 Recommended chemical modifiers

Element Chemical modifier Am;);nt

As Pd + Mg(NO3); or 15+10
NHsH2PO4 200

cd Pd + Mg(NOz3)2+NH4H2PO4 or 8+4+4
Ir coating

Co Pd + Mg(NO3)2 15+10

Cr Mg(NO3z)2 50

Cu None

Ni Mg(NOs3). 50

Pb Pd + Mg(NO3)2+NH4H2PO4 or 8+4+4
Ir coating

\V/ None

“These amounts are only recommendation, significantly lower amounts may be required in some
atomizers, see also recommendations from instrument manufacturers.

8. PROCEDURE

8.1. Switch on the instrument and perform the optimization according to the manufacturer’s
instructions. Install an appropriate graphite tube, and set up the auto sampler.

8.2. Program the graphite furnace and the auto sampler. Examples of temperature program
are given in table 3.

Note: Method for specific element and matrix should be developed and all necessary

information should be stored with at least:

Temperature program
Matrix modifier

Type of graphite tube
Matrix effect

Type of calibration curve

Typical mo obtained with the program

Linearity
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Table 3 Example of temperature program

Element Cu Cu Cd Cd Pb Pb As As Cr Cr
Sample type Sediment | Biota Sediment | Biota Sediment | Biota Sediment | Biota Sediment Biota
Wavelengt(nm) 327.4 327.4 228.8 228.8 283.3 283.3 193.7 193.7 357.9 357.9
. Partition | Partition | platform | platform | platform | platform platform | platform | Partition Partition
Graphite tube Tube Tube Tube Tube
none none none Pd,Mg, none Pd,Mg Pd,Mg Pd,Mg none none
Matrix Modifier Amonium ,Amonium
Phosphate Phosphate
Peak Measurement | area area area area area area area area area area
MO0(pg/0.0044 UA) | 45 13 1 1 16 16 15 15 25 25
on standard
Ashing T° (C°) 700 700 300 700 400 925 1400 1400 1100 1100
Atomisation T° (C°) | 2300 2300 1800 1900 2100 2200 2600 2600 2600 2600
Remark Number | Standard | Use peak Standard
of Fire is | Addition | Height for Addition
critical often lower often

required. | concentration | required.
Number | (peak shape) | Use peak

of fire is Height for
critical lower
concentration
(peak shape)
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8.3. Generality for measurements:

All measurements should be performed with at least duplicate injections of solutions;
the relative standard deviation should be less than 5% for a signal above 0.01 unit of
absorbance.

It is recommended to work in peak area.

Check the number of firing and change the graphite tube when appropriate, if
graphite tube is changed during a run, the instrument needs to be recalibrated.

8.4. Run the calibration:

8.4.1. Standard calibration technique: Perform the calibration with a blank
calibration solution (4.5) and 3 to 5 equidistant calibration solutions (4.4) for an
appropriate concentration range.

To correct for the instrumental drift calibration should be performed every 10 samples
(if possible the option of reslope using the middle standard point should be applied
every 5 samples)

Calibration solutions can be prepared by the auto sampler from the highest standard
solution, the minimum volume uptake should not be less than 4pl.

The blank calibration solution should be free of analyte, or below a well-documented
maximum allowed calibration blank value (i.e. validation, control charts..).

It should be stressed that the linearity of the calibration curve is often limited. The
calibration curve is automatically plot by instrument software, if linear regression is set
checked that r<0.995 or switch to second order equation.

8.4.2. Standard addition method: This technique involves preparing same aliquots
of sample solution with increasing amount of analyte. As describe in section 7 for the
spike experiment using an increasing concentration of standard (V1 and V2 should stay
the same). The auto sampler can be programed to perform standard addition. Determine
the analyte concentration in the reagent blank solution the same way. Example of
standard addition is given in figure 1. The concentration is obtained by dividing the
absorbance of zero addition by the slope.

10
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The standard addition should be performed for each type of matrix (i.e. a sediment
sample solution cannot be measured with a standard addition curve done on a fish
sample solution). For similar sample matrices (i.e. same fish species) the slope obtained
with one sample can be used for other measurements respecting recalibration every
10samples.

For standard addition to be valid the following limitation should be taken into
consideration:

o The resulting calibration should be linear (r<0.995), software calibration
equation is a linear regression

o The additions should represent ideally 50, 100, 150 and 200% of the sample
concentration

o The standard addition technic cannot be used to correct for spectral
interferences, such as unspecific background absorption, and should not be used if
interferences change the signal by a factor of more than three.

Figure 1 Standard addition example

B Sample solution @ Reagent blank

0,3 -

Absorbance

0,25 -

concentration of addition

11
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8.5. Measure sample blank and sample solutions (prepared following section 3)
record the concentration as calculated by the software and calculate results following
equation 3 (section 9), if samples exceed the highest point of calibration dilute
appropriately. As an option a smaller volume of solution can be injected to stay under
linear range of the instrument.

8.6. Quiality control solutions: Quality control solutions as described below should
be measured during the run. An example of a sequence order with recommended criteria
and action is given in table 4.

Table 4 Example of analytical sequence:

Solutions Description

Performance

Action

Calibration blank

< maximum allowed calibration
blank value

Stop until resolve

Standard solution 1 -4

r>0.995

recalibrate in the linearity range

ICV

+10% of true value

Stop until resolve

within 10%

Sample blank < maximum allowed blank value
CRM Fall in certificate value within Stop until resolve, check Matrix spike
coverage uncertainty, or fall and run again with standard addition
within acceptable criteria of the method if necessary
QC chart
Matrix Spike recovery 100% + 15% switch to standard addition, keep
record for future analyses of the same
matrix
Dilution Test sample 1 = 5x sample 1 diluted 5x | switch to standard addition, keep

record for future analyses of the same
matrix

Unknown Sample 1-10

should > standard 1 and < standard
4

report as <minimum quantification
limit or dilute

ETC...(restart sequence from calibration blank)

8.6.1. Initial Calibration Verification ICV:

After the initial calibration, the calibration curve must be verified using the initial
calibration verification (ICV) standard.

The ICV standard is a standard solution made from an independent (second

source) material at or near midrange. This solution as calibration standard is

prepared using the same type of acid or combination of acids and at the same

concentration as will result in the test portion.

12
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The acceptance criteria for the ICV standard must be +10% of its true value

If the calibration curve cannot be verified within the specified limits, the cause
must be determined and the instrument recalibrated before samples are analyzed.
The analysis data for the ICV must be kept on file with the sample analysis

The calibration curve must also be verified at the end of each analysis batch and/or
after every 10 samples. If the calibration cannot be verified within the specified
limits, the sample analysis must be discontinued, the cause determined and the
instrument recalibrated. All samples following the last acceptable test must be
reanalyzed.

8.6.2.  Blank solution (4.5): Maximum allowed blank concentration should be
well documented and if blank solution exceeds this value all samples prepared
along the contaminated blank should be prepared again and re analyzed.

8.6.3.  Post digestion spike
Each unknown type of sample should be spike to check for potential matrix effect.

This spike is consider as a single point standard addition, and should be performed
with a minimum dilution factor. Recovery of spike calculated as equation 1
should be 85-115%. If this test failed it is recommended to run analyses with
standard addition method. (see section 7 for detail)

8.6.4. Dilution test:

If the analyte concentration is sufficiently high (minimally, a factor of 10 above
the lower limit of quantitation after dilution), an analysis of a 1:5 dilution should
agree within £10% of the original determination. If not, then a chemical or
physical interference effect should be suspected, and method of standard addition
is recommended.

8.6.5. Certified reference material:

At least one certified reference material of a representative matrix will be
prepared with each batch of sample, the calculated result should be comparable
with the value of the certificate within the coverage uncertainty.( Linsinger,
2010), to show evidence of unbias result.

Results of CRM should be record for quality control purpose and plot in control
chart (UNEP/IOC/IAEA 1994)

13
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9. CALCULATION OF RESULTS:
Results are calculated with equation 3

Equation 3: w(m) = (;)1%0) X fxV xR

w(m) mass fraction of element m in the sample in mg kg™

pl: concentration of element m in milligrams per liter as measured in the sample solution
p0: concentration of element m in milligrams per liter as measured in the blank solution
f: is the dilution factor calculated as

_ final volume

initial volume

or equal to 1 if pl is determined in undiluted solution
R: recovery calculated using CRM (see 8.6.5) or pre digestion spike

10. EXPRESSION OF RESULTS:

The rounding of values will depend of the uncertainty reported with the result. Uncertainty
component should be reported with all results. (ISO 1995, Nordtest 2004)

Example : w(Pb)=8.5+1.2mgkg*?
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Introduction

This analytical method was designed to support water quality monitoring programs authorized under the
Clean Water Act. Section 304(a) of the Clean Water Act requires EPA to publish water quality criteria
that reflect the latest scientific knowledge concerning the physical fate (e.g., concentration and dispersal)
of pollutants, the effects of pollutants on ecological and human health, and the effect of pollutants on
biological community diversity, productivity, and stability.

Section 303 of the Clean Water Act requires states to set a water quality standard for each body of water
within its boundaries. A state water quality standard consists of a designated use or uses of a waterbody
or a segment of a waterbody, the water quality criteria that are necessary to protect the designated use or
uses, and an antidegradation policy. These water quality standards serve two purposes: (1) they establish
the water quality goals for a specific waterbody, and (2) they are the basis for establishing water quality-
based treatment controls and strategies beyond the technology-based controls required by Sections 301(b)
and 306 of the Clean Water Act.

In defining water quality standards, the state may use narrative criteria, numeric criteria, or both.
However, the 1987 amendments to the Clean Water Act required states to adopt numeric criteria for toxic
pollutants (designated in Section 307(a) of the Act) based on EPA Section 304(a) criteria or other
scientific data, when the discharge or presence of those toxic pollutants could reasonably be expected to
interfere with designated uses.

In some cases, these water quality criteria are as much as 280 times lower than those that can be achieved
using existing EPA methods and required to support technology-based permits. Therefore, EPA developed
new sampling and analysis methods to specifically address state needs for measuring toxic metals at water
quality criteria levels, when such measurements are necessary to protect designated uses in state water
quality standards. The latest criteria published by EPA are those listed in the National Toxics Rule (57
FR 60848). This rule includes water quality criteria for 13 metals, and it is these criteria on which the
new sampling and analysis methods are based. Method 1640 was specifically developed to provide
reliable measurements of four of these metals at EPA WQC levels using on-line chelation preconcentration
and inductively coupled plasma-mass spectrometry techniques.

In developing these methods, EPA found that one of the greatest difficulties in measuring pollutants at
these levels was precluding sample contamination during collection, transport, and analysis. The degree
of difficulty, however, is highly dependent on the metal and site-specific conditions. This analytical
method, therefore, is designed to provide the level of protection necessary to preclude contamination in
nearly all situations. It is also designed to provide the procedures necessary to produce reliable results
at the lowest possible water quality criteria published by EPA. In recognition of the variety of situations
to which this method may be applied, and in recognition of continuing technological advances, the method
is performance-based. Alternative procedures may be used, so long as those procedures are demonstrated
to yield reliable results.

Requests for additional copies should be directed to:

U.S. EPA NCEPI
11029 Kenwood Road
Cincinnati, OH 45242
- 513/489-8190

April 1995 iii
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Note: This method is intended to be performance based, and the laboratory is permitted to omit any
step or modify any procedure provided that all performance requirements set forth in this method
are met. The laboratory is not allowed to omit any quality control analyses. The terms "must,"
"may," and "should" are included throughout this method and are intended to illustrate the
importance of the procedures in producing verifiable data at water quality criteria levels. The term
"must" is used to indicate that researchers in trace metals analysis have found certain procedures
essential in successfully analyzing samples and avoiding contamination; however, these procedures
can be modified or omitted if the laboratory can show that data quality is not affected.

iv April 1995
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Method 1640

Determination of Trace Elements in Ambient Waters by
On-Line Chelation Preconcentration and Inductively

1.0

1.1

1.2

1.3

Coupled Plasma-Mass Spectrometry

Scope and Application

This method is for the determination of dissolved elements in ambient waters at EPA water
quality criteria (WQC) levels using on-line chelation preconcentration and inductively coupled
plasma-mass spectrometry (ICP-MS). It may also be used for determination of total
recoverable element concentrations in these waters. This method was developed by integrating
the analytical procedures contained in EPA Method 200.10 with the quality control (QC) and
sample handling procedures necessary to avoid contamination and ensure the validity of
analytical results during sampling and analysis for metals at EPA WQC levels. This method
contains QC procedures that will assure that contamination will be detected when blanks
accompanying samples are analyzed. This method is accompanied by Method 1669:
Sampling Ambient Water for Determination of Trace Metals at EPA Water Quality Criteria
Levels (the "Sampling Method"). The Sampling Method is necessary to ensure that
contamination will not compromise trace metals determinations during the sampling process.

This method is applicable to the following elements:

Chemical Abstract

Analyte Symbol Services Registry
Number (CASRN)
Cadmium (Cd) 7440-43-9
Copper (Cw) 7440-50-8
Lead (Pb) 7439-92-1
Nickel (Ni) 7440-02-0

Table 1 lists the EPA WQC levels, the method detection limit (MDL) for each metal, and the
minimum level (ML) for each metal in this method. Linear working ranges will be dependent
on the instrumentation and selected operating conditions but should be essentially independent
of the matrix because elimination of the matrix is a feature of the method.

This method is not intended for determination of metals at concentrations normally found in
treated and untreated discharges from industrial facilities. Existing regulations (40 CFR Parts
400-500) typically limit concentrations in industrial discharges to the mid to high part-per-
billion (ppb) range, whereas ambient metals concentrations are normally in the low part-per-
trillion (ppt) to low ppb range.

April 1995




UNEP/MED WG. 482 16
Annex IV Method 1640

Page 12

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.11

2.0

2.1

The ease of contaminating ambient water samples with the metal(s) of interest and interfering
substances cannot be overemphasized. This method includes suggestions for improvements in
facilities and analytical techniques that should maximize the ability of the laboratory to make
reliable trace metals determinations and minimize contamination. These suggestions are
given in Section 4.0 and are based on findings of researchers performing trace metals analyses
(References 1-8). Additional suggestions for improvement of existing facilities may be found
in EPA’s Guidance for Establishing Trace Metals Clean Rooms in Existing Facilities, which is
available from the National Center for Environmental Publications and Information (NCEPI)
at the address listed in the introduction to this document.

Clean and ultraclean—The terms "clean" and "ultraclean" have been applied to the techniques
needed to reduce or eliminate contamination in trace metals determinations. These terms are
not used in this method because they lack an exact definition. However, the information
provided in this method is consistent with the summary guidance on clean and ultraclean
techniques (Reference 9).

This method follows the EPA Environmental Methods Management Council’s "Format for
Method Documentation" (Reference 10).

This method is "performance based"; i.e., an alternate procedure or technique may be used,
as long as the performance requirements in the method are met. Section 9.1.2 gives details of
the tests and documentation required to support and document equivalent performance.

For dissolved metal determinations, samples must be filtered through a 0.45-um capsule filter
at the field site. The Sampling Method describes the filtering procedures. The filtered
samples may be preserved in the field or transported to the laboratory for preservation.
Procedures for field preservation are detailed in the Sampling Method; provides procedures
for laboratory preservation are provided in this method.

Acid solubilization is required before the determination of total recoverable elements to aid
breakdown of complexes or colloids that might influence trace element recoveries.

This method should be used by analysts experienced in the use of inductively coupled plasma
mass spectrometry (ICP-MS), including the interpretation of spectral and matrix interferences
and procedures for their correction; and should be used only by personnel thoroughly trained
in the handling and analysis of samples for determination of metals at EPA WQC levels. A
minimum of six months’ experience with commercial instrumentation is recommended.

This method is accompanied by a data verification and validation guidance document,
Guidance on the Documentation and Evaluation of Trace Metals Data Collected for CWA
Compliance Monitoring. Before using this method, data users should state the data quality
objectives (DQOs) required for a project.

Summary of Method

This method is used to preconcentrate trace elements using an iminodiacetate functionalized
chelating resin (References 11-12). Following acid solubilization, the sample is buffered
prior to the chelating column using an on-line system. Group I and II metals, as well as most

April 1995
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anions, are selectively separated from the analytes by elution with ammonium acetate at pH
5.5. The analytes are subsequently eluted into a simplified matrix consisting of dilute nitric
acid and are determined by ICP-MS-using a directly coupled on-line configuration.

2.2 The determinative step in this method is ICP-MS (Reference 13-15). Sample material in
solution is introduced by pneumatic nebulization into a radiofrequency plasma where energy
transfer processes cause desolvation, atomization, and ionization. The ions are extracted from
the plasma through a differentially pumped vacuum interface and separated on the basis of
their mass-to-charge (m/z) ratio by a mass spectrometer having a minimum resolution
capability of 1 amu peak width at 5% peak height at m/z 300. An electron multiplier or

- Faraday detector detects ions transmitted through the mass analyzer, and a data handling
system processes the resulting current. Interferences relating to the technique (Section 4)
must be recognized and corrected. Such corrections must include compensation for isobaric
elemental interferences and interferences from polyatomic ions derived from the plasma gas,
reagents, or sample matrix. Instrumental drift must be corrected for by the use of internal
standardization.

3.0 Definitions

31 Apparatus—Throughout this method, the sample containers, sampling devices,
instrumentation, and all other materials and devices used in sample collection, sample
processing, and sample analysis activities will be referred to collectively as the Apparatus.

3.2 Other definitions of terms are given in the glossary (Section 18) at the end of this method.

4.0 Contamination and Interferences

4.1 Preventing ambient water samples from becoming contaminated during the sampling and
analytical process constitutes one of the greatest difficulties encountered in trace metals
determinations. Over the last two decades, marine chemists have come to recognize that
much of the historical data on the concentrations of dissolved trace metals in seawater are
erroneously high because the concentrations reflect contamination from sampling and analysis
rather than ambient levels. More recently, historical trace metals data collected from
freshwater rivers and streams have been shown to be similarly biased because of
contamination during sampling and analysis (Reference 16). Therefore, it is imperative that
extreme care be taken to avoid contamination when .collecting and analyzing ambient water
samples for trace metals.

4.2 There are numerous routes by which samples may become contaminated. Potential sources of
trace metals contamination during sampling include metallic or metal-containing labware (e.g.,
talc gloves that contain high levels of zinc), containers, sampling equipment, reagents, and
reagent water; improperly cleaned and stored equipment, labware, and reagents; and
atmospheric inputs such as dirt and dust. Even human contact can be a source of trace metals
contamination. For example, it has been demonstrated that dental work (e.g., mercury
amalgam fillings) in the mouths of laboratory personnel can contaminate samples that are
directly exposed to exhalation (Reference 3).
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43 Contamination Control

4.3.1 Philosophy—The philosophy behind contamination control is to ensure that any object
or substance that contacts the sample is metal free and free from any material that may
contain metals.

4.3.1.1 The integrity of the results produced cannot be compromised by contamination
of samples. Requirements and suggestions for control of sample contamination
are given in this method and the Sampling Method.

4.3.1.2 Substances in a sample cannot be allowed to contaminate the laboratory work
area or instrumentation used for trace metals measurements. Requirements and
suggestions for protecting the laboratory are given in this method.

4.3.1.3 Although contamination control is essential, personnel health and safety remain
the highest priority. Requirements and suggestions for personnel safety are
given in Section 5 of this method and the Sampling Method.

4.3.2 Avoiding contamination—The best way to control contamination is to completely
avoid exposure of the sample to contamination in the first place. Avoiding exposure
means performing operations in an area known to be free from contamination. Two of
the most important factors in avoiding/reducing sample contamination are (1) an
awareness of potential sources of contamination and (2) strict attention to work being
done. Therefore it is imperative that the procedures described in this method be
carried out by well-trained, experienced personnel.

4.3.3 Use a clean environment—The ideal environment for processing samples is a class 100
clean room (Section 6.1.1). If a clean room is not available, all sample preparation
should be performed in a class 100 clean bench or a nonmetal glove box fed by
particle-free air or nitrogen. Digestions should be performed in a nonmetal fume hood
situated, ideally, in the clean room.

4.3.4 Minimize exposure—The Apparatus that will contact samples, blanks, or standard
solutions should be opened or exposed only in a clean room, clean bench, or glove
box so that exposure to an uncontrolled atmosphere is minimized. When not being
used, the Apparatus should be covered with clean plastic wrap, stored in the clean
bench or in a plastic box or glove box, or bagged in clean zip-type bags. Minimizing
the time between cleaning and use will also minimize contamination.

4.3.5 Clean work surfaces—Before a given batch of samples is processed, all work surfaces
in the hood, clean bench, or glove box in which the samples will be processed should
be cleaned by wiping with a lint-free cloth or wipe soaked with reagent water.

43.6 Wear gloves—Sampling personnel must wear clean, nontalc gloves (Section 6.10.7)
during all operations involving handling of the Apparatus, samples, and blanks. Only
clean gloves may touch the Apparatus. If another object or substance is touched, the
glove(s) must be changed before again handling the Apparatus. If it is even suspected
that gloves have become contaminated, work must be halted, the contaminated gloves
removed, and a new pair of clean gloves put on. Wearing multiple layers of clean
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gloves will allow the old pair to be quickly stripped with minimal disruption to the
work activity. o S

4.3.7  Use metal-free Apparatus—All Apparatus used for determination of metals at ambient
water quality criteria levels must be nonmetallic, free of material that may contain
metals, or both.

4.3.7.1 Construction materials—Only the following materials should come in contact
with samples: fluoropolymer (FEP, PTFE), conventional or linear
polyethylene, polycarbonate, polypropylene, polysulfone, or ultrapure quartz.
PTFE is less desirable than FEP because the sintered material in PTFE may
contain contaminates and is susceptible to serious memory contamination
(Reference 6). Fluoropolymer or glass containers should be used for samples
that will be analyzed for mercury because mercury vapors can diffuse in or out
of the other materials resulting either in contamination or low-biased results
(Reference 3). All materials, regardless of construction, that will directly or
indirectly contact the sample must be cleaned using the procedures described
in Section 11 and must be known to be clean and metal-free before
proceeding.

4.3.7.2 The following materials have been found to contain trace metals and should
not contact the sample or be used to hold liquids that contact the sample,
unless these materials have been shown to be free of the metals of interest at
the desired level: Pyrex, Kimax, methacrylate, polyvinyichloride, nylon, and
Vycor (Reference 6). In addition, highly colored plastics, paper cap liners,
pigments used to mark increments on plastics, and rubber all contain trace
levels of metals and must be avoided (Reference 17).

4.3.7.3 Serialization—It is recommended that serial numbers be indelibly marked or
etched on each piece of Apparatus so that contamination can be traced, and
logbooks should be maintained to track the sample from the container through
the labware to injection into the instrument. It may be useful to dedicate
separate sets of labware to different sample types; e.g., receiving waters vs.
effluents. However, the Apparatus used for processing blanks and standards
must be mixed with the Apparatus used to process samples so that
contamination of all labware can be detected. '

4.3.7.4 The laboratory or cleaning facility is responsible for cleaning the Apparatus
used by the sampling team. If there are any indications that the Apparatus is
not clean when received by the sampling team (e.g., ripped storage bags), an
assessment of the likelihood of contamination must be made. Sampling must
not proceed if it is possible that the Apparatus is contaminated. If the
Apparatus is contaminated, it must be returned to the laboratory or cleaning
facility for proper cleaning before any sampling activity resumes.

4.3.8  Avoid Sources of Contamination—Avoid contamination by being aware of potential
sources and routes of contamination.
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4.3.8.1 Contamination by carryover—Contamination may occur when a sample
containing low concentrations of metals is processed immediately after a
sample containing relatively high concentrations of these metals. To reduce
carryover, the sample introduction system may be rinsed between samples with
dilute acid and reagent water. When an unusually concentrated sample is
encountered, it is followed by analysis of a laboratory blank to check for
carryover. For samples containing high levels of metals, it may be necessary
to acid-clean or replace the connecting tubing or inlet system to ensure that .
contamination will not affect subsequent measurements. Samples known or
suspected to contain the lowest concentration of metals should be analyzed
first followed by samples containing higher levels. For instruments containing
autosamplers, the laboratory should keep track of which station is used for a
given sample. When an unusually high concentration of a metal is detected in
a sample, the station used for that sample should be cleaned more thoroughly
to prevent contamination of subsequent samples, and the results for subsequent
samples should be checked for evidence of the metal(s) that occurred in high
concentration.

4.3.8.2 Contamination by samples—Significant laboratory or instrument contamination
may result when untreated effluents, in-process waters, landfill leachates, and
other samples containing high concentrations of inorganic substances are
processed and analyzed. As stated in Section 1.0, this method is not intended
for application to these samples, and samples containing high concentrations
should not be permitted into the clean room and laboratory dedicated for
processing trace metals samples.

4.3.8.3 Contamination by indirect contact—Apparatus that may not directly come in
contact with the samples may still be a source of contamination. For example,
clean tubing placed in a dirty plastic bag may pick up contamination from the
bag and then subsequently transfer the contamination to the sample.
Therefore, it is imperative that every piece of the Apparatus that is directly or
indirectly used in the collection, processing, and analysis of ambient water
samples be cleaned as specified in Section 11.

4.3.8.4 Contamination by airborne particulate matter—Less obvious substances capable
of contaminating samples include airborne particles. Samples may be
contaminated by airborne dust, dirt, particles, or vapors from: unfiltered air
supplies; nearby corroded or rusted pipes, wires, or other fixtures; or metal-
containing paint. Whenever possible, sample processing and analysis should
occur as far as possible from sources of airborne contamination.

44 Interferences—Interference sources that may cause inaccuracies in the determination of trace
elements by ICP-MS are given below and must be recognized and corrected for. Internal
standards should be used to correct for instrumental drift as well as suppressions or
enhancements of instrument response caused by the sample matrix.

4.4.1 Isobaric elemental interferences—Are caused by isotopes of different elements that
form singly or doubly charged ions of the same nominal m/z and that cannot be
resolved by the mass spectrometer. All elements determined by this method have, at a
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4.4.2

443

4.4.4

4.4.5

minimum, one isotope free of isobaric elemental interferences. If an alternative
isotope that has a higher natural abundance is selected to achieve greater sensitivity, an
isobaric interference may occur. All data obtained under such conditions must be
corrected by measuring the signal from another isotope of the interfering element and
subtracting the contribution the isotope of interest based on the relative abundance of
the alternate isotope and isotope of interest. A record of this correction process should
be included with the report of the data. It should be noted that such corrections will
only be as accurate as the accuracy of the relative abundance used in the equation for
data calculations. Relative abundances should be established before any corrections are
applied.

Abundance sensitivity—Is a property defining the degree to which the wings of a mass
peak contribute to adjacent m/z’s. Ion energy and quadruple operating pressure affect
the abundance sensitivity. Wing overlap interferences may result when a small m/z
peak is being measured adjacent to a large one. The potential for these interferences
should be recognized and the spectrometer resolution adjusted to minimize them.

Isobaric polyatomic ion interferences—Are caused by ions consisting of more than one
atom which have the same nominal m/z as the isotope of interest, and which cannot be
resolved by the mass spectrometer in use. These ions are commonly formed in the
plasma or interface system from support gases or sample components. Such
interferences must be recognized, and when they cannot be avoided by selecting
alternative analytical isotopes, appropriate corrections must be made to the data.
Equations for the correction of data should be established at the time of the analytical
run sequence because the polyatomic ion interferences will be highly dependent on the
sample matrix and chosen instrument conditions.

Physical interferences—Are associated with the physical processes that govern the
transport of sample into the plasma, sample conversion processes in the plasma, and
the transmission of ions through the plasma-mass spectrometer interface. These
interferences may result in differences between instrument responses for the sample
and the calibration standards. Physical interferences may occur in the transfer of
solution to the nebulizer (e.g., viscosity effects), at the point of aerosol formation and
transport to the plasma (e.g., surface tension), or during excitation and ionization
processes within the plasma itself. Internal standardization may be effectively used to
compensate for many physical interference effects (Reference 18). Internal standards
ideally should have similar analytical behavior to the elements being determined.

Memory interferences—Result when isotopes of elements in a previous sample
contribute to the signals measured in a new sample. Memory effects can result from
sample deposition on the sampler and skimmer cones, and from the buildup of sample
material in the plasma torch and spray chamber. The site where these effects occur
depends on the element and can be minimized by flushing the system with a rinse
blank between samples (Section 7.6.3). The possibility of memory interferences
should be recognized within an analytical run and suitable rinse times should be used
to reduce them. The rinse times necessary for a particular element should be estimated
before it is analyzed. This estimation may be achieved by aspirating a standard
containing elements corresponding to ten times the upper end of the linear range for a
normal sample analysis period, followed by analysis of the rinse blank at designated
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5.0

5.1

52

53

5.4

intervals. The length of time required to reduce analyte signals below the ML should
be noted. Memory interferences may also be assessed within an analytical run by
using a minimum of three replicate integrations for data acquisition. If the integrated
signal values drop consecutively, the analyst should be alerted to the possibility of a
memory effect, and should examine the analyte concentration in the previous sample to
identify if the memory effect was high. If a memory interference is suspected, the
sample should be reanalyzed after a long rinse period.

4.4.6 A principal advantage of this method is the selective elimination of species giving rise
to polyatomic spectral interferences on certain transition metals (e.g., removal of the
chloride interference on vanadium). As most of the sample matrix is removed, matrix-
induced physical interferences are also substantially reduced.

4,477 Low recoveries may be encountered in the preconcentration cycle if the trace elements
are complexed by competing chelators in the sample or are present as colloidal
material. Acid solubilization pretreatment is used to improve analyte recovery and to
minimize adsorption, hydrolysis, and precipitation effects.

Safety

The toxicity or carcinogenicity of reagents used in this method have not been fully established.
Each chemical should be regarded as a potential health hazard and exposure to these
compounds should be as low as reasonably achievable.

5.1.1 Each laboratory is responsible for maintaining a current awareness file of OSHA
regulations for the safe handling of the chemicals specified in this method (References
19-22). A reference file of material safety data sheets (MSDSs) should also be
available to all personnel involved in the chemical analysis. It is also suggested that
the laboratory perform personal hygiene monitoring of each analyst who uses this
method and that the results of this monitoring be made available to the analyst. The
references and bibliography at the end of Reference 22 are particularly comprehenswe
in dealing with the general subject of laboratory safety.

5.1.2  Concentrated nitric and hydrochloric acids present various hazards and are moderately
toxic and extremely irritating to skin and mucus membranes. Use these reagents in a
fume hood whenever possible and if eye or skin contact occurs, flush with large
volumes of water. Always wear protective clothing and safety glasses or a shield for
eye protection, and observe proper mixing when working with these reagents.

The acidification of samples containing reactive materials may result in the release of toxic
gases such as cyanides or sulfides. Samples should be acidified in a fume hood.

All personnel handling environmental samples known to contain or to have been in contact
with human waste should be immunized against known disease-causative agents.

Analytical plasma sources emit radiofrequency radiation in addition to intense UV radiation.
Suitable precautions should be taken to protect personnel from such hazards. The inductively
coupled plasma should only be viewed with proper eye protection from UV emissions.
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6.0

Apparatus, Equipment, and Supplies

Disclaimer: The mention of trade names or commercial products in this method is for
illustrative purposes only and does not constitute endorsement or recommendation for use by
the Environmental Protection Agency. Egquivalent performance may be achievable using
apparatus and materials other than those suggested here. The laboratory is responsible for
demonstrating equivalent performance.

6.1

6.2

Facility

6.1.1 Clean room—Class 100, 200-ft* minimum, with down-flow, positive-pressure
ventilation, air-lock entrances, and pass-through doors.

6.1.1.1 Construction materials—Nonmetallic, preferably plastic sheeting attached
without metal fasteners. If painted, paints that do not contain the metal(s) of
interest should be used.

6.1.1.2 Adhesive mats—for use at entry points to control dust and dirt from shoes.

6.1.2 Fume hoods—nonmetallic, two minimum, with one installed internal to the clean
room.

6.1.3  Clean benches—class 100, one installed in the clean room; the other adjacent to the
analytical instrument(s) for preparation of samples and standards.

Preconcentration system—System containing no metal parts in the analyte flow path,
configured as shown in Figure 1.

NOTE: An alternate preconcentration system to the one described below may be used
provided that all performance criteria listed in this method can be met. If low
recoveries are encountered in the preconcentration cycle for a particular analyte, it
may be necessary to use an alternate preconcentration system.

6.2.1 Column—Macroporous iminodiacetate chelating resin (Dionex Metpac CC-1 or
equivalent).

6.2.2 Sample loop—10-mL loop constructed from narrow-bore, high-pressure inert tubing,
Tefzel ETFE (ethylene tetra-fluoroethylene) or equivalent.

6.2.3  Eluent pumping system (P1)—Programmable-flow, high-pressure pumping system,
capable of delivering either one of two eluents at a pressure up to 2000 psi and a flow
rate of 1-5 mL/min. :

6.2.4 Auxiliary pumps
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6.2.4.1 On-line buffer pump (P2)—Piston pump (Dionex QIC pump or equivalent) for
delivering 2M ammonium acetate buffer solution.

6.2.4.2 Carrier pump (P3)—Peristaltic pump (Gilson Minipuls or equivalent) for
delivering 1% nitric acid carrier solution.

6.2.4.3 Sample pump (P4)—Peristaltic pump for loading sample loop.

6.2.5 Control valves—Inert, double-stack, pneumatically operated four-way slider valves
with connectors.

6.2.6 Argon gas supply regulated at 80—100 psi

6.2.7 Solution reservoirs—Inert containers, e.g., high density polyethylene (HDPE), for
holding eluent and carrier reagents.

6.2.8 Tubing—High pressure, narrow bore, inert tubing (e.g., Tefzel ETFE or equivalent) for
interconnection of pumps and valve assemblies and a minimum length for connection
of the preconcentration system to the ICP-MS instrument.

6.3 Inductively coupled plasma mass spectrometer

6.3.1 Instrument capable of scanning the mass range 5250 amu with a minimum resolution
capability of 1-amu peak width at 5% peak height. Instrument may be fitted with a
conventional or extended dynamic range detection system.

6.3.2 Radio-frequency generator compliant with FCC regulations.

6.3.3 Argon gas supply—High-purity grade (99.99%). When analyses are conducted
frequently, liquid argon is more economical and requires less frequent replacement of
tanks than compressed argon in conventional cylinders.

6.3.4 A variable-speed peristaltic pump is required for solution delivery to the nebulizer.

6.3.5 A mass-flow controller on the nebulizer gas supply is required. A water-cooled spray
chamber may be of benefit in reducing some types of interferences (e.g., from
polyatomic oxide species).

6.3.6 If an electron multiplier detector is being used, precautions should be taken, where
necessary, to prevent exposure to high ion flux. Otherwise changes in instrument
response or damage to the multiplier may result. Samples having high concentrations
of elements beyond the linear range of the instrument and with isotopes falling within
scanning windows should be diluted before analysis.

6.4 Analytical balance—with capability to measure to 0.1 mg, for use in weighing solids and for
preparing standards.

6.5 Temperature-adjustable hot plate—capable of maintaining a temperature of 95°C.
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6.6 Centrifuge with guard bowl, electric timer, and brake (optional)
6.7 ];r(y:;ng oven—gravity convection, with thermostatic control capable of maintaining 105°C (+
6.8 Alkaline detergent—Liquinox®, Alconox®, or equivalent.
6.9 pH meter or pH paper
6.10 Labware—For determination of trace levels of elements, contamination and loss are of prime

consideration. Potential contamination sources include improperly cleaned laboratory
apparatus and general contamination within the laboratory environment from dust, etc. A
clean laboratory work area should be designated for handling trace element samples. Sample
containers can introduce positive and negative errors in the determination of trace elements by
(1) contributing contaminants through surface desorption or leaching, and (2) depleting element
concentrations through adsorption processes. All labware must be metal free. Suitable
construction materials are fluoropolymer (FEP, PTFE), conventional or linear polyethylene,
polycarbonate, and polypropylene. Fluoropolymer should be used when samples are to be
analyzed for mercury. All labware should be cleaned according to the procedure in Section
11.4. Gloves, plastic wrap, storage bags, and filters may all be used new without additional
cleaning unless results of the equipment blank pinpoint any of these materials as a source of
contamination. In this case, either an alternate supplier must be obtained or the materials must
be cleaned.

NOTE: Chromic acid must not be used for cleaning glassware.

6.10.1 Volumetric flasks, graduated cylinders, funnels, and centrifuge tubes

6.10.2 Assorted calibrated pipets

6.10.3 Beakers—fluoropolymer (or other suitable material), 250-mL with fluoropolymer

Ccovers.

6.10.4 Storage bottles—Narrow-mouth, fluoropolymer with fluoropolymer screw closure, 125-
to 250-mL capacities.

6.10.5 Wash bottle—One-piece stem fluoropolymer, with screw closure, 125-mL capacity.

6.10.6 Tongs—For removal of Apparatus from acid baths. Coated metal tongs may not be
used.

6.10.7 Gloves—clean, nontalc polyethylene, latex, or vinyl; various lengths. Heavy gloves
should be worn when working in acid baths since baths will contain hot, strong acids.

6.10.8 Buckets or basins—5- to 50-L capacity, for acid soaking of the Apparatus.

6.10.9 Brushes—Nonmetallic, for scrubbing Apparatus.

April 1995 ' 11




UNEP/MED WG. 482 16

Annex IV Method 1640
Page 22
6.10.10 Storage bags—Clean, zip-type, nonvented, colorless polyethylene (various
sizes) for storage of Apparatus.
6.10.11 Plastic wrap—Clean, colorless polyethylene for storage of Apparatus.

6.11

Sampling Equipment—The sampling team may contract with the laboratory or a cleaning
facility that is responsible for cleaning, storing, and shipping all sampling devices, sample
bottles, filtration equipment, and all other Apparatus used for the collection of ambient water
samples. Before the equipment is shipped to the field site, the laboratory or facility must
generate an acceptable equipment blank (Section 9.6.3) to demonstrate that the sampling
equipment is free from contamination.

6.11.1 Sampling Devices—Before ambient water samples are collected, consideration should
be given to the type of sample to be collected and the devices to be used (grab,
surface, or subsurface samplers). The laboratory or cleaning facility must clean all
devices used for sample collection. Various types of samplers are described in the
Sampling Method. Cleaned sampling devices should be stored in polyethylene bags or
wrap.

6.11.2 Sample bottles—Fluoropolymer, conventional or linear polyethylene, polycarbonate, or
polypropylene; 500-mL with lids. Cleaned sample bottles should be filled with 0.1%
HCI (v/v) until use.

NOTE: If mercury is a target analyte, fluoropolymer or glass bottles must be used.

6.11.3 Filtration Apparatus

6.11.3.1 Filter—Gelman Supor 0.45-pm, 15-mm diameter capsule filter
(Gelman 12175, or equivalent).

6.11.32 Peristaltic pump—115-V a.c., 12-V d.c., internal battery, variable
speed, single-head (Cole-Parmer, portable, "Masterflex L/S," Catalog
No. H-07570-10 drive with Quick Load pump head, Catalog No. H-
07021-24, or equivalent).

6.11.3.3 Tubing for use with peristaltic pump—styrene/ethylene/butylene/
silicone (SEBS) resin, approx 3/8-in i.d. by approximately 3 ft (Cole-
Parmer size 18, Catalog No. G-06464-18, or approximately 1/4-in i.d.,
Cole-Parmer size 17, Catalog No. G-06464-17, or equivalent). Tubing
is cleaned by soaking in 5-10% HCI solution for 8-24 h, rinsing with
reagent water in a clean bench in a clean room, and drying in the clean
bench by purging with metal-free air or nitrogen. After drying, the
tubing is double-bagged in clear polyethylene bags, serialized with a
unique number, and stored until use.

12
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7.0 Reagents and Standards

Reagents may contain elemental impurities that might affect the integrity of analytical data.
Because of the high sensitivity of ICP-MS, high-purity reagents should be used. Each reagent
lot should be tested for the metals of interest by diluting and analyzing an aliquot from the lot
using the techniques and instrumentation to be used for analysis of samples. The lot will be
acceptable if the concentration of the metal of interest is below the MDL listed in this method.
All acids used for this method must be ultra high-purity grade. Suitable acids are available
from a number of manufacturers or may be prepared by sub-boiling distillation.

7.1 Reagents for cleaning Apparatus, sample bottle storage, and sample preservation and analysis

7.1.1

7.1.2

7.1.4

7.1.5

7.1.6

7.1.8

7.1.9
7.1.10
7.1.11
7.1.12
- 7.1.13
7.1.14

7.1.15

Nitric acid—concentrated (sp gr 1.41), Seastar or equivalent

Nitric acid (1+1)—Add 500 mL concentrated nitric acid to 400 mL of regent water
and dilute to 1 L.

Nitric acid (1+9)—Add 100 mL concentrated nitric acid to 400 mL of reagent water
and dilute to 1 L.

Nitric acid 1.25M—Dilute 79 mL (112 g) concentrated nitric acid to 1000 mL with
reagent water.

Nitric acid 1%—Dilute 10 mL concentrated nitric-acid to 1000 mL with reagent water.
Hydrochloric acid—concentrated (sp gr 1.19).

Hydrochloric acid (1+1)—Add 500 mL concentrated hydrochloric acid to 400 mL of
reagent water and dilute to 1 L.

Hydrochloric acid (1+4)—Add 200 mL concentrated hydrochloric acid to 400 mL of
reagent water and dilute to 1 L.

Hydrochloric acid (HCI)—1N trace metal grade
Hydrochloric acid (HCI)—10% wt, trace metal grade
Hydrochloric acid (HCI)—1% wt, trace metal grade
Hydrochloric acid (HCI)—0.5% (v/v), trace metal grade
Hydrochloric acid (HC)—0.1% (v/v) ultrapure grade
Acetic acid, glacial (sp gr 1.05)

Ammonium hydroxide (20%)
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7.1.16 Ammonium acetate buffer 1M, pH 5.5—Add 58 mL (60.5 g) of glacial acetic acid to
600 mL of reagent water. Add 65 mL (60 g) of 20% ammonium hydroxide and mix.
Check the pH of the resulting solution by withdrawing a small aliquot and testing with
a calibrated pH meter, adjusting the solution to pH 5.5 (+ 0.1) with small volumes of
acetic acid or ammonium hydroxide as necessary. Cool and dilute to 1 L with reagent
water.

7.1.17 Ammonium acetate buffer 2M, pH 5.5—Prepare as for Section 7.1.16 using 116 mL.
(121 g) glacial acetic acid and 130 mL (120 g) 20% ammonium hydroxide, diluted to
1000 mL with reagent water.

NOTE: The ammonium acetate buffer solutions may be further purified by passing
them through the chelating column at a flow rate of 5.0 mLimin. With reference to
Figure 1, pump the buffer solution through the column using pump P1, with valves A
and B off and valve C on. Collect the purified solution in a container at the waste
outlet. Then elute the collected contaminants from the column using 1.25M nitric acid
for 5 min at a flow rate of 4.0 mL/min.

7.1.18 Oxalic acid dihydrate (CASRN 6153-56-6), 0.2M—Dissolve 25.2 g reagent grade
C,H,0,.2H,0 in 250 mL reagent water and dilute to 1000 mL with reagent water.

CAUTION: Oxalic acid is toxic; handle with care.

7.2

73

Reagent water—Water demonstrated to be free from the metal(s) of interest and potentially
interfering substances at the MDL for that metal listed in Table 1. Prepared by distillation,
deionization, reverse osmosis, anodic/cathodic stripping voltammetry, or other technique that
removes the metal(s) and potential interferent(s).

Standard stock solutions—May be purchased from a reputable commercial source or prepared
from ultra high-purity grade chemicals or metals (99.99-99.999% pure). All salts should be
dried for 1 h at 105°C, unless otherwise specified.

CAUTION: Many metal salts are extremely toxic if inhaled or swallowed. (Wash
hands thoroughly after handling.) Stock solutions should be stored in plastic bottles.

The following procedures may be used for preparing standard stock solutions:

NOTE: Some metals, particularly those that form surface oxides, require cleaning
before they are weighed. This may be achieved by pickling the surface of the metal in
acid. An amount over the desired weight should be pickled repeatedly, rinsed with
water, dried, and weighed until the desired weight is achieved.

14
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7.3.1

7.3.2

7.3.3

7.3.4

7.3.5

7.3.6

7.3.7

7.3.8

7.3.9

Bismuth solution, stock 1 mL = 1000 pg Bi—Dissolve 0.1115 g Bi,O; in 5 mL
concentrated nitric acid. Heat to effect solution. Cool and dilute to 100 mL with
reagent water.

Cadmium solution, stock 1 mL = 1000 pg Cd: Pickle cadmium metal in (1+9) nitric
acid to an exact weight of 0.100 g. Dissolve in 5 mL (1+1) nitric acid, heating to
effect solution. Cool and dilute to 100 mL with reagent water.

Copper solution, stock 1 mL = 1000 pg Cu: Pickle copper metal in (1+9) nitric acid to
an exact weight of 0.100 g. Dissolve in 5 mL (1+1) nitric acid, heating to effect
solution. Cool and dilute to 100 mL. with reagent water.

Indium solution, stock 1 mL = 1000 pg In: Pickle indium metal in (1+1) nitric acid to
an exact weight of 0.100 g. Dissolve in 10 mL (1+1) nitric acid, heating to effect
solution. Cool and dilute to 100 mL with reagent water.

Lead solution, stock 1 mL = 1000 pg Pb: Dissolve 0.1599 g PbNO; in 5 mL (1+1)
nitric acid. Dilute to 100 mL with reagent water.

Nickel solution, stock 1 mL = 1000 pg Ni: Dissolve 0.100 g nickel powder in 5 mL

‘concentrated nitric acid, heating to effect solution. Cool and dilute to 100 mL with

reagent water.

Scandium solution, stock 1 mL = 1000 pg Sc: Dissolve 0.1534 g Sc,0; in 5 mL (1+1)
nitric acid, heating to effect solution. Cool and dilute to 100 mL with reagent water.

Terbium solution, stock 1 mL = 1000 pg Tb: Dissolve 0.1176 g Tb,O; in 5 mL
concentrated nitric acid, heating to effect solution. Cool and dilute to 100 mL with
reagent water.

Yttrium solution, stock 1 mL = 1000 pg Y—Dissolve 0.1270 g Y,0; in 5 mL (1+1)
nitric acid, heating to effect solution. Cool and dilute to 100 mL with reagent water.

7.4 Multielement stock standard solution—When multielement stock standards are prepared, care
must be taken that the elements are compatible and stable. Originating element stocks should
be checked for the presence of impurities that might influence the accuracy of the standard.
Freshly prepared standards should be transferred to acid-cleaned, new FEP or HDPE bottles
for storage and monitored periodically for stability. A multielement stock standard solution
containing cadmium, copper, lead, and nickel (1 mL = 10 pg) may be prepared by diluting 1
mL of each single element stock in the list to 100 mL with reagent water containing 1% (v/v)
nitric acid.

7.4.1

Preparation of calibration standards—Fresh multielement calibration standards should
be prepared every 2 weeks or as needed. Dilute the stock multielement standard
solution to levels appropriate to the operating range of the instrument using reagent
water containing 1% (v/v) nitric acid. Calibration standards should be prepared at a
minimum of three concentrations, one of which must be at the ML (Table 1), and
another that must be near the upper end of the linear dynamic range. If the direct
addition procedure is being used (Method A, Section 10.3), add internal standards
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7.5

(Section 7.5) to the calibration standards and store in fluoropolymer bottles.
Calibration standards should be verified initially using a quality control sample
(Section 7.8).

Internal standard stock solution—1 mL = 100 pg. Dilute 10 mL of scandium, yttrium, indium,
terbium and bismuth stock standards (Section 7.3) to 100 mL with reagent water, and store in
a FEP bottle. Use this solution concentrate for addition to blanks, calibration standards and
samples, or dilute by an appropriate amount using 1% (v/v) nitric acid, if the internal standards
are being added by peristaltic pump (Method B, Section 10.3).

NOTE: Bismuth should not be used as an internal standard using the direct addition
method (Method A, Section 10.3) because it is not efficiently concentrated on the
iminodiacetate column.

7.6

1.7

7.8

Blanks—The laboratory should prepare the following types of blanks. A calibration blank is
used to establish the analytical calibration curve; the laboratory (method) blank is used to
assess possible contamination from the sample preparation procedure and to assess spectral
background; and the rinse blank is used to flush the instrument between samples in order to
reduce memory interferences. In addition to these blanks, the laboratory may be required to
analyze field blanks (Section 9.6.2) and equipment blanks (Section 9.6.3).

7.6.1 Calibration blank—Consists of 1% (v/v) nitric acid in reagent water. If the direct
addition procedure (Method A, Section 10.3) is being used, add internal standards.

7.6.2 Laboratory blank—Must contain all the reagents in the same volumes as used in
processing the samples. The laboratory blank must be carried through the same entire
preparation scheme as the samples including digestion, when applicable (Section
9.6.1). If the direct addition procedure (Method A, Section 10.3) is being used, add
internal standards to the solution after preparation is complete.

7.6.3 Rinse blank—Consists of 1% (v/v) nitric acid in reagent water.

Tuning solution—This solution is used for instrument tuning and mass calibration before
analysis (Section 10.2). The solution is prepared by mixing nickel, yttrium, indium, terbium,
and lead stock solutions (Section 7.3) in 1% (v/v) nitric acid to produce a concentration of 100
pg/L of each element. Internal standards are not added to this solution. (Depending on the
sensitivity of the instrument, this solution may need to be diluted 10-fold.)

Quality control sample (QCS)—The QCS should be obtained from a source outside the
laboratory. The concentration of the QCS solution analyzed will depend on the sensitivity of
the instrument. To prepare the QCS, dilute an appropriate aliquot of analytes to a concentration
< 100 pg/L in 1% (v/v) nitric acid. Because of lower sensitivity, selenium may be diluted to a
concentration of < 500 pg/L. If the direct addition procedure (Method A, Section 10.3) is
being used, add internal standards after dilution, mix, and store in a FEP bottle. The QCS
should be analyzed as needed to meet data quality needs and a fresh solution should be
prepared quarterly or more frequently as needed.
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7.9

8.0

8.1

8.2

8.3

8.4

Ongoing precision and recovery (OPR) Sample—To an aliquot of reagent water, add aliquots
of the multielement stock standard (Section 7.4) to prepare the OPR. The OPR must be
carried through the same entire preparation scheme as the samples including sample digestion,
when applicable (Section 9.7). If the direct addition procedure (Method A, Section 10.3) is
being used, add internal standards to this solution after preparation has been completed.

Sample Collection, Filtration, Preservation, and Storage

Before an aqueous sample is collected, consideration should be given to the type of data
required, (i.e., dissolved or total recoverable), so that appropriate preservation and pretreatment
steps can be taken. The pH of all aqueous samples must be tested immediately before they are
aliquotted for processing or direct analysis to ensure the sample has been properly preserved.
If properly acid-preserved, the sample can be held up to 6 months before analysis.

Sample collection—Samples are collected as described in the Sampling Method.

Sample filtration—For dissolved metals, samples and field blanks are filtered through a 0.45-
pm capsule filter at the field site. Filtering procedures are described in the Sampling Method.
For the determination of total recoverable elements, samples are not filtered but should be
preserved according to the procedures in Section 8.4.

Sample preservation—Preservation of samples and field blanks for both dissolved and total
recoverable elements may be performed in the field when the samples are collected or in the
laboratory. However, to avoid the hazards of strong acids in the field and transport
restrictions, to minimize the potential for sample contamination, and to expedite field
operations, the sampling team may prefer to ship the samples to the laboratory within 2 weeks
of collection. Samples and field blanks should be preserved at the laboratory immediately
when they are received. For all metals, preservation involves the addition of 10% HNO,
(Section 7.1.3) to bring the sample to pH <2. For samples received at neutral pH, approx 5
mL of 10% HNO, per liter will be required.

8.4.1 Wearing clean gloves, remove the cap from the sample bottle, add the volume of
reagent grade acid that will bring the pH to <2, and recap the bottle immediately. If
the bottle is full, withdraw the necessary volume using a precleaned pipet and then add
the acid. Record the volume withdrawn and the amount of acid used.

NOTE: Do not dip pH paper or a pH meter into the sample; remove a small aliquot
with a clean pipet and test the aliqguot. When the nature of the sample is either
unknown or known to be hazardous, the sample should be acidified in a fume hood.
See Section 5.2.

8.42  Store the preserved sample for a minimum of 48 h at 0—4°C to allow the acid to
completely dissolve the metal(s) adsorbed on the container walls. The sample pH
should be verified as <2 immediately before an aliquot is withdrawn for processing or
direct analysis. If, for some reason such as high alkalinity, the sample pH is verified
to be >2, more acid must be added and the sample held for 16 h until verified to be
pH <2. See Section 8.1.

April 1995 ‘ 17




UNEP/MED WG. 482 16
Annex [VMethod 1640

Page 28

8.4.3 With each sample batch, preserve a method blank and an OPR sample in the same way
as the sample(s).

8.4.4 Sample bottles should be stored in polyethylene bags at 0-4°C until analysis.

9.0 Quality Assurance/Quality Control

9.1 Each laboratory that uses this method is required to operate a formal quality assurance
program (Reference 23). The minimum requirements of this program consist of an initial
demonstration of laboratory capability, analysis of samples spiked with metals of interest to
evaluate and document data quality, and analysis of standards and blanks as tests of continued
performance. Laboratory performance is compared to established performance criteria to
determine that results of the analysis meet the performance characteristics of the method.

9.1.1 The analyst shall make an initial demonstration of the ability to generate acceptable
accuracy and precision with this method. This ability is established as described in
Section 9.2.

9.1.2 In recognition of advances that are occurring in analytical technology, the analyst is
permitted to exercise certain options to eliminate interferences or lower the costs of
measurements. These options include alternate digestion, preconcentration, cleanup
procedures, and changes in instrumentation. Alternate determinative techniques, such
as the substitution of a colorimetric technique or changes that degrade method
performance, are not allowed. If an analytical technique other than the techniques
specified in the method is used, then that technique must have a specificity equal to or
better than the specificity of the techniques in the method for the analytes of interest.

9.1.2.1 Each time the method is modified, the analyst is required to repeat the
procedure in Section 9.2. If the the change will affect the detection limit of
the method, the laboratory is required to demonstrate that the MDL (40 CFR
Part 136, Appendix B) is lower than the MDL for that analyte in this method,
or one-third the regulatory compliance level, whichever is higher. If the
change will affect calibration, the analyst must recalibrate the instrument
according to Section 10.

9.1.2.2 The laboratory is required to maintain records of modifications made to this
method. These records include the following, at a minimum:

9.1.2.2.1 The names, titles, addresses, and telephone numbers of the
analyst(s) who performed the analyses and modification, and of
the quality control officer who witnessed and will verify the
analyses and modification.

9.1.222 A listing of metals measured, by name and CAS Registry
number.
9.1.2.2.3 A narrative stating reason(s) for the modification(s).
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91224 Results from all quality control (QC) tests comparing the
modified method to this method, including:
(a) Calibration
(b) Calibration verification
© Initial precision and recovery (Section 9.2)
(d) Analysis of blanks
(e) Accuracy assessment
9.1.2.2.5 Data that will allow an independent reviewer to validate each

determination by tracing the instrument output (peak height,
area, or other signal) to the final result. These data are to
include, where possible:

(a) Sample numbers and other identifiers
®) Digestion/preparation or extraction dates
©) Analysis dates and times

(@ Analysis sequence/run chronology

(e Sample weight or volume

® Volume before the extraction/concentration step

€3] Volume after each extraction/concentration step

(h) Final volume before analysis

@) Injection volume

6)) Dilution data, differentiating between dilution of a
sample or extract

k) Instrument and operating conditions (make, model,
revision, modifications)

¢)) Sample introduction system (ultrasonic nebulizer, flow

injection system, etc.)
(m) Preconcentration system

(n) Operating conditions (background corrections,
temperature program, flow rates, etc.)

()] Detector (type, operating conditions, etc.)

P Mass spectra, printer tapes, and other recordings of raw
data

@ Quantitation reports, data system outputs, and other

data to link raw data to results reported

9.1.3  Analyses of blanks are required to demonstrate freedom from contamination. Section
9.6 describes the required types, procedures, and criteria for analysis of blanks.

9.1.4 The laboratory shall spike at least 10% of the samples with the metal(s) of interest to
monitor method performance. Section 9.3 describes this test. When results of these
spikes indicate atypical method performance for samples, an alternative extraction or
cleanup technique must be used to bring method performance within acceptable limits.
If method performance for spikes cannot be brought within the limits given in this
method, the result may not be reported for regulatory compliance purposes.
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9.1.5 The laboratory shall, on an ongoing basis, demonstrate through calibration verification
and through analysis of the ongoing precision and recovery aliquot that the analytical
system is in control. These procedures are described in Sections 10.5 and 9.7 of this
method.

9.1.6 The laboratory shall maintain records to define the quality of data that are generated.
Development of accuracy statements is described in Section 9.3.4.

9.2 Initial demonstration of laboratory capability

9.2.1 Method detection limit—To establish the ability to detect the trace metals of interest,
the analyst shall determine the MDL for each analyte according to the procedure in 40
CFR 136, Appendix B using the apparatus, reagents, and standards that will be used in
the practice of this method. The laboratory must produce an MDL that is less than or
equal to the MDL listed in Table 1, or one-third the regulatory compliance limit,
whichever is greater. MDLs should be determined when a new operator begins work
or whenever, in the judgment of the analyst, a change in instrument hardware or
operating conditions would dictate that they be redetermined.

9.2.2 Initial precision and recovery (IPR)—To establish the ability to generate acceptable
precision and recovery, the analyst shall perform the following operations.

9.2.2.1 Analyze four aliquots of reagent water spiked with the metal(s) of interest at
2-3 times the ML (Table 1), according to the procedures in Section 12. All
digestion, extraction, and concentration steps, and the containers, labware, and
reagents that will be used with samples must be used in this test.

9.2.2.2 Using results of the set of four analyses, compute the average percent recovery
(X) for the metal(s) in each aliquot and the standard deviation of the recovery
(s) for each metal.

9.2.2.3 For each metal, compare s and X with the corresponding limits for initial
precision and recovery in Table 2. If s and X for all metal(s) meet the
acceptance criteria, system performance is acceptable and analysis of blanks
and samples may begin. If, however, any individual s exceeds the precision
limit or any individual X falls outside the range for accuracy, system
performance is unacceptable for that metal. Correct the problem and repeat the
test (Section 9.2.2.1).

9.2.3 Linear calibration ranges—Linear calibration ranges are primarily detector limited.
The upper limit of the linear calibration range should be established for each analyte
by determining the signal responses from a minimum of three different concentration
standards, one of which is close to the upper limit of the linear range. Care should be
taken to avoid potential damage to the detector during this process. The analyst
should judge the linear calibration range that may be used for the analysis of samples
from the resulting data. The upper limit should be an observed signal no more than
10% below the level extrapolated from lower standards. Determined sample analyte
concentrations that are greater than 90% of the determined upper limit must be diluted
and reanalyzed. The upper limits should be verified whenever, in the judgement of the
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- analyst, a change in analytical performance caused by either a change in instrument
hardware or operating conditions would dictate they be redetermined.

9.2.4  Quality control sample (QCS)—When beginning the use of this method, quarterly or
as required to meet data quality needs, verify the calibration standards and acceptable
instrument performance with the preparation and analyses of a QCS (Section 7.8). To
verify the calibration standards the determined mean concentration from 3 analyses of
the QCS must be within + 10% of the stated QCS value. If the QCS is not within the
required limits, an immediate second analysis of the QCS is recommended to confirm
unacceptable performance. If the calibration standards, acceptable instrument
performance, or both cannot be verified, the source of the problem must be identified
and corrected before proceeding with further analyses.

9.3 Method accuracy—To assess the performance of the method on a given sample matrix, the
laboratory must perform matrix spike (MS) and matrix spike duplicate (MSD) sample analyses
on 10% of the samples from each site being monitored, or at least one MS sample analysis
and one MSD sample analysis must be performed for each sample batch (samples collected
from the same site at the same time, to a maximum of 10 samples), whichever is more
frequent. Blanks (e.g., field blanks) may not be used for MS/MSD analysis.

9.3.1 The concentration of the MS and MSD is determined as follows:

9.3.1.1 If, as in compliance monitoring, the concentration of a specific metal in the
sample is being checked against a regulatory concentration limit, the spike
must be at that limit or at 1-5 times the background concentration, whichever
is greater.

9.3.1.2 If the concentration is not being checked against a regulatory limit, the
concentration must be at 1-5 times the background concentration or at 1—5
-times the ML in Table 1, whichever is greater.

9.3.2  Assessing spike recovery

9.3.2.1 Determine the background concentration (B) of each metal by analyzing one
sample aliquot according to the procedure in Section 12.

9.3.2.2 If necessary, prepare a QC check sample concentrate that will produce the
appropriate level (Section 9.3.1) in the sample when the concentrate is added.

9.3.2.3 Spike a second sample aliquot with the QC check sample concentrate and
analyze it to determine the concentration after spiking (A) of each metal.

9.3.2.4 Calculate each percent recovery (P) as 100(A - B)/T, where T is the known
true value of the spike.

9.3.3 Compare the percent recovery (P) for each metal with the corresponding QC
acceptance criteria found in Table 2. If any individual P falls outside the designated
range for recovery, that metal has failed the acceptance criteria.
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9.3.4

0.3.3.1 For a metal that has failed the acceptance criteria, analyze the ongoing
precision and recovery standard (Section 9.7). If the OPR is within its
respective limit for the metal(s) that failed (Table 2), the analytical system is in
control and the problem can be attributed to the sample matrix.

9.3.3.2 For samples that exhibit matrix problems, further isolate the metal(s) from the
sample matrix using dilution, chelation, extraction, concentration, hydride ;
generation, or other means, and repeat the accuracy test (Section 9.3.2).

9.3.3.3 If the recovery for the metal remains outside the acceptance criteria, the
analytical result for that metal in the unspiked sample is suspect and may not
be reported for regulatory compliance purposes.

Recovery for samples should be assessed and records maintained.

9.3.4.1 After the analysis of five samples of a given matrix type (river water, lake
water, etc.) for which the metal(s) pass the tests in Section 9.3.3, compute the
average percent recovery (R) and the standard deviation of the percent
recovery (SR) for the metal(s). Express the accuracy assessment as a percent
recovery interval from R - 2SR to R + 2SR for each matrix. For example, if
R = 90% and SR = 10% for five analyses of river water, the accuracy interval
is expressed as 70-110%.

9.3.4.2 Update the accuracy assessment for each metal in each matrix on a regular
basis (e.g., after each five to ten new measurements).

9.4 Precision of matrix spike and duplicate

9.4.1

9.4.2

Calculate the relative percent difference (RPD) between the MS and MSD per the
equation below using the concentrations found in the MS and MSD. Do not use the
recoveries calculated in Section 9.3.2.4 for this calculation because the RPD is inflated
when the background concentration is near the spike concentration.

RPD = 100{P17D2D
(D1+D2)/2
Where:
D1 = concentration of the analyte in the MS sample
D2 = concentration of the analyte in the MSD sample

The relative percent difference between the matrix spike and the matrix spike duplicate
must be less than 20%. If this criterion is not met, the analytical system is be judged
to be out of control. In this case, correct the problem and reanalyze all samples in the
sample batch associated with the MS/MSD that failed the RPD test.
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9.5 Internal standards responses—The analyst is expected to monitor the responses from the

internal standards throughout the sample batch being analyzed. Ratios of the internal standards
responses against each other should also be monitored routinely. This information may be
used to detect potential problems caused by mass dependent drift, errors incurred in adding the
internal standards, or increases in the concentrations of individual internal standards caused by
background contributions from the sample. The absolute response of any one internal standard
must not deviate more than 60~125% of the original response in the calibration blank. If
deviations greater than these are observed, flush the instrument with the rinse blank and
monitor the responses in the calibration blank. If the responses of the internal standards are
now within the limit, take a fresh aliquot of the sample, dilute by a further factor of 2, add the
internal standards, and reanalyze. If, after flushing, the response of the internal standards in
the calibration blank are out of limits, terminate the analysis and determine the cause of the
drift. Possible causes of drift may be a partially blocked sampling cone or a change in the
tuning condition of the instrument.

9.6 Blanks—Blanks are analyzed to demonstrate freedom from contamination.
9.6.1 Laboratory (method) blank

9.6.1.1 Prepare a method blank with each sample batch (samples of the same matrix
started through the sample preparation process (Section 12) on the same 12-
hour shift, to a maximum of 10 samples). Analyze the blank immediately after
the OPR is analyzed (Section 9.7) to demonstrate freedom from contamination.

9.6.1.2 If the metal of interest or any potentially interfering substance is found in the
blank at a concentration equal to or greater than the MDL (Table 1), sample
analysis must be halted, the source of the contamination determined, the
samples and a new method blank prepared, and the sample batch and fresh
method blank reanalyzed.

9.6.1.3 Alternatively, if a sufficient number of blanks (3 minimum) are analyzed to
characterize the nature of a blank, the average concentration plus two standard
deviations must be less than the regulatory compliance level.

9.6.1.4 If the result for a single blank remains above the MDL or if the result for the
average concentration plus two standard deviations of three or more blanks
exceeds the regulatory compliance level, results for samples associated with
those blanks may not be reported for regulatory compliance purposes. Stated
another way, results for all initial precision and recovery tests (Section 9.2)
and all samples must be associated with an uncontaminated method blank
before these results may be reported for regulatory compliance purposes.

9.6.2 Field blank
9.6.2.1 Analyze the field blank(s) shipped with each set of samples (samples collected

from the same site at the same time, to a maximum of 10 samples). Analyze
the blank immediately before analyzing the samples in the batch.
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9.6.2.2 If the metal of interest or any potentially interfering substance is found in the
field blank at a concentration equal to or greater than the ML (Table 1) or
greater than one-fifth the level in the associated sample, whichever is greater,
results for associated samples may be the result of contamination and may not
be reported for regulatory compliance purposes.

9.6.2.3 Alternatively, if a sufficient number of field blanks (3 minimum) are analyzed
to characterize the nature of the field blank, the average concentration plus two
standard deviations must be less than the regulatory compliance level or less
than one-half the level in the associated sample, whichever is greater.

9.6.2.4 If contamination of the field blanks and associated samples is known or
suspected, the laboratory should communicate this to the sampling team so that
the source of contamination can be identified and corrective measures taken
prior to the next sampling event.

9.6.3 Equipment Blanks—Before any sampling equipment is used at a given site, the
laboratory or cleaning facility is required to generate equipment blanks to demonstrate
that the sampling equipment is free from contamination. Two types of equipment
blanks are required: bottle blanks and sampler check blanks.

9.6.3.1 Bottle blanks—After undergoing appropriate cleaning procedures (Section
11.4), bottles should be subjected to conditions of use to verify the
effectiveness of the cleaning procedures. A representative set of sample bottles
should be filled with reagent water acidified to pH<2 and allowed to stand for
a minimum of 24 h. Ideally, the time that the bottles are allowed to stand
should be as close as possible to the actual time that sample will be in contact
with the bottle. After standing, the water should be analyzed for any signs of
contamination. If any bottle shows signs of contamination, the problem must
be identified, the cleaning procedures corrected or cleaning solutions changed,
and all affected bottles recleaned.

9.6.3.2 Sampler check blanks—Sampler check blanks are generated in the laboratory
or at the equipment cleaning contractor’s facility by processing reagent water
through the sampling devices using the same procedures that are used in the
field (see Sampling Method). Therefore, the "clean hands/dirty hands"'
technique used during field sampling should be followed when preparing
sampler check blanks at the laboratory or cleaning facility.

9.6.3.2.1 Sampler check blanks are generated by filling a large carboy or
other container with reagent water (Section 7.2) and processing
the reagent water through the equipment using the same
procedures that are used in the field (see Sampling Method).
For example, manual grab sampler check blanks are collected
by directly submerging a sample bottle into the water, filling
the bottle, and capping. Subsurface sampler check blanks are
collected by immersing the sampler into the water and
pumping water into a sample container.
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9.6.3.2.2 The sampler check blank must be analyzed using the
procedures given in this method. If any metal of interest or
any potentially interfering substance is detected in the blank,
the source of contamination or interference must be identified
and the problem corrected. The equipment must be
demonstrated to be free from the metal(s) of interest before the
equipment may be used in the field.

9.6.3.2.3 Sampler check blanks must be run on all equipment that will
be used in the field. If, for example, samples are to be
collected using both a grab sampling device and a subsurface
sampling device, a sampler check blank must be run on both
pieces of equipment.

9.7 Ongoing precision and recovery

9.7.1

9.7.2

9.7.3

9.7.4

9.7.5

Prepare an ongoing precision and recovery sample (laboratory fortified method blank)
identical to the initial precision and recovery aliquots (Section 9.2) with each sample
batch (samples of the same matrix started through the sample preparation process
(Section 12) on the same 12-hour shift, to a maximum of 10 samples) by spiking an
aliquot of reagent water with the metal(s) of interest.

Analyze the OPR sample before the method blank and samples from the same batch
are analyzed. :

Compute the percent recovery of each metal in the OPR sample.

For each metal, compare the concentration to the limits for ongoing recovery in Table
2. If all metals meet the acceptance criteria, system performance is acceptable and
analysis of blanks and samples may proceed. If, however, any individual recovery
falls outside of the range given, the analytical processes are not being performed
properly for that metal. Correct the problem, reprepare the sample batch, and repeat
the ongoing precision and recovery test (Section 9.7).

Add results that pass the specifications in Section 9.7.4 to initial and previous ongoing
data for each metal in each matrix. Update QC charts to form a graphic representation
of continued laboratory performance. Develop a statement of laboratory accuracy for
each metal in each matrix type by calculating the average percent recovery (R) and the
standard deviation of percent recovery (SR). Express the accuracy as a recovery
interval from R - 2SR to R + 2SR. For example, if R = 95% and SR = 5%, the
accuracy is 85-105%.

9.8 The specifications contained in this method can be met if the instrument used is calibrated
properly and then maintained in a calibrated state. A given instrument will provide the most
reproducible results if dedicated to the settings and conditions required for the analyses of
metals by this method.

9.9 Depending on specific program requirements, the laboratory may be required to analyze field
duplicates collected to determine the precision of the sampling technique. The relative percent
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10.0

10.1

10.2

103

difference (RPD) between field duplicates should be less than 20%. If the RPD of the field
duplicates exceeds 20%, the laboratory should communicate this to the sampling team so that
the source of error can be identified and corrective measures taken before the next sampling
event.

Calibration and Standardization

Operating conditions—Because of the diversity of instrument hardware, no detailed instrument
operating conditions are provided. The analyst is advised to follow the recommended
operating conditions provided by the manufacturer. The analyst is responsible for verifying
that the instrument configuration and operating conditions satisfy the quality control
requirements in this method. Table 5 lists instrument operating conditions that may be used as
a guide for analysts in determining instrument configuration and operating conditions.

Precalibration routine—The following precalibration routine should be completed before
calibrating the instrument until it can be documented with periodic performance data that the
instrument meets the criteria listed below without daily tuning.

10.2.1 Initiate proper operating configuration of instrument and data system. Allow a period
of not less than 30 min for the instrument to warm up. During this period, conduct
mass calibration and resolution checks using the tuning solution. Resolution at low
mass is indicated by nickel isotopes 60, 61, 62. Resolution at high mass is indicated
by lead isotopes 206, 207, 208. For good performance, adjust the spectrometer
resolution to produce a peak width of approximately 0.75 amu at 5% peak height.
Adjust mass calibration if it has shifted by more than 0.1 amu from unit mass.

10,2.2 Instrument stability must be demonstrated by running the tuning solution (Section 7.7)
a minimum of five times with resulting relative standard deviations of absolute signals
for all analytes of less than 10%.

Internal standardization—Internal standardization must be used in all analyses to correct for
instrument drift and physical interferences. For full mass range scans, a minimum of three
internal standards must be used. Internal standards must be present in all samples, standards,
and blanks at identical levels. This may be achieved by directly adding an aliquot of the
internal standards to the CAL standard, blank, or sample solution (Method A), or alternatively
by mixing with the solution before nebulization using a second channel of the peristaltic pump
and a mixing coil (Method B). The concentration of the internal standard should be
sufficiently high that good precision is obtained in the measurement of the isotope used for
data correction and to minimize the possibility of correction errors if the internal standard is
naturally present in the sample. Internal standards should be added to blanks, samples, and
standards in a like way so that dilution effects resulting from the addition may be disregarded.

NOTE: Bismuth should not be used as an internal standard using the direct addition
method (Method A, Section 10.3) because it is not efficiently concentrated on the
iminodiacetate column.

10.4

Calibration—Before initial calibration, set up proper instrument software routines for
quantitative analysis and connect the ICP-MS instrument to the preconcentration apparatus.
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The instrument must be calibrated at a minimum of three points for each analyte to be
determined.

10.4.1 Inject the calibration blank (Section 7.6.1) and calibration standards A and B (Section
7.4.1) prepared at three or more concentrations, one of which must be at the ML
(Table 1), and another that must be near the upper end of the linear dynamic range.
The calibration solutions should be processed through the preconcentration system
using the procedures described in Section 12. A minimum of three replicate
integrations are required for data acquisition. Use the average of the integrations for
instrument calibration and data reporting.

10.4.2 Compute the response factor at each concentration, as follows:

RF = AX C,
A, x C,
Where:
C, = concentration of the analyte in the standard or blank solution
C,, = concentration of the internal standard in the solution
A, = height or area of the response at the mlz for the analyte

A, = height or area of the m/z for the internal standard

10.4.3 Using the individual response factors at each concentration, compute the mean RF for
each analyte.

10.4.4 Linearity—If the RF over the calibration range is constant (< 20% RSD), the RF can
be assumed to be invariant and the mean RF can be used for calculations.
Alternatively, the results can be used to plot a calibration curve of response ratios,

AJA,, vs. RF.

10.5  Calibration verification—Immediately following calibration, an initial calibration verification
should be performed. Adjustment of the instrument is performed until verification criteria are
met. Only after these criteria are met may blanks and samples be analyzed.

10.5.1 Analyze the mid-point calibration standard (Section 10.4).

10.5.2 Compute the percent recovery of each metal using the mean RF or calibration curve
obtained in the initial calibration.

10.5.3 For each metal, compare the recovery with the corresponding limit for calibration
verification in Table 2. If all metals meet the acceptance criteria, system performance
is acceptable and analysis of blanks and samples may continue using the response from
the initial calibration. If any individual value falls outside the range given, system
performance is unacceptable for that compound. In this event, locate and correct the
problem and/or prepare a new calibration check standard and repeat the test (Sections
10.5.1-10.5.3), or recalibrate the system according to Section 10.4.
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10.6

11.0

11.1

11.2

11.3

10.5.4 Calibration must be verified following every ten samples by analyzing the mid-point
calibration standard. If the recovery does not meet the acceptance criteria specified in
Table 2, analysis must be halted, the problem corrected, and the instrument
recalibrated. All samples after the last acceptable calibration verification must be
reanalyzed.

A calibration blank must be analyzed following every calibration verification to demonstrate
that there is no carryover of the analytes of interest and that the analytical system is free from
contamination. If the concentration of an analyte in the blank result exceeds the MDL, correct
the problem, verify the calibration (Section 10.5), and repeat the analysis of the calibration
blank.

Procedures for Cleaning the Apparatus

All sampling equipment, sample containers, and labware should be cleaned in a designated
cleaning area that has been demonstrated to be free of trace element contaminants. Such areas
may include class 100 clean rooms as described by Moody (Reference 24), labware cleaning
areas as described by Patterson and Settle (Reference 6), or clean benches.

Materials, such as gloves (Section 6.10.7), storage bags (Section 6.10.10), and plastic wrap
(Section 6.10.11), may be used new without additional cleaning unless the results of the
equipment blank pinpoint any of these materials as a source of contamination. In this case,
either an alternate supplier must be obtained or the materials must be cleaned.

Cleaning procedures—Proper cleaning of the Apparatus is extremely important, because the
Apparatus may not only contaminate the samples but may also remove the analytes of interest
by adsorption onto the container surface.

NOTE: If laboratory, field, and equipment blanks (Section 9.6) from the Apparatus
cleaned with fewer cleaning steps than those detailed below show no levels of analytes
above the MDL, those cleaning steps that do not eliminate these artifacts may be
omitted if all performance criteria outlined in Section 9 are met.

11.3.1 Bottles, labware, and sampling equipment

11.3.1.1 Fill a precleaned basin (Section 6.10.8) with a sufficient quantity of a
0.5% solution of liquid detergent (Section 6.8), and completely
immerse each piece of ware. Allow to soak in the detergent for at
least 30 min.

11.3.1.2 Using a pair of clean gloves (Section 6.10.7) and clean nonmetallic
brushes (Section 6.10.9), thoroughly scrub down all materials with the
detergent.

11.3.1.3 Place the scrubbed materials in a precleaned basin. Change gloves.
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11.3.1.4 Thoroughly rinse the inside and outside of each piece with reagent
water until there is no sign of detergent residue (e.g., until all soap
bubbles disappear). ' '
11.3.1.5 Change gloves, immerse the rinsed equipment in a hot (50-60°C) bath
of concentrated reagent grade HNO, (Section 7.1.1) and allow to soak
for at least 2 h.
11.3.1.6 After soaking, use clean gloves and tongs to remove the Apparatus and
thoroughly rinse with distilled, deionized water (Section 7.2).
11.3.1.7 Change gloves and immerse the Apparatus in a hot (50-60°C) bath of
IN trace metal grade HCI (Section 7.1.9), and allow to soak for at
least 48 h.
11.3.1.8 Thoroughly rinse all equipment and bottles with reagent water.
Proceed with Section 11.3.2 for labware and sampling equipment.
Proceed with Section 11.3.3 for sample bottles.
11.3.2 Labware and sampling equipment
11.3.2.1 After cleaning, air-dry in a class 100 clean air bench.
11.3.2.2 After drying, wrap each piece of ware or equipment in two layers of
polyethylene film.,
11.3.3 Fluoropolymer sample bottles—These bottles should be used if mercury is a target
analyte.
11.3.3.1 After cleaning, fill sample bottles with 0.1% (v/v) ultrapure HCI
(Section 7.1.13) and cap tightly. It may be necessary to use a strap
wrench to assure a tight seal.
11.3.3.2 After capping, double-bag each bottle in polyethylene zip-type bags.
Store at room temperature until sample collection.
11.3.4 Bottles, labware, and sampling equipment (polyethylene or material other than

fluoropolymer)

11.3.4.1 Apply the steps outlined in Sections 11.3.1.1-11.3.1.8 to all bottles,
labware, and sampling equipment. Proceed with Section 11.3.4.2 for.
bottles or Section 11.3.4.3 for labware and sampling equipment.

11.3.4.2 After cleaning, fill each bottle with 0.1% (v/v) ultrapure HCI (Section
7.1.13). Double-bag each bottle in a polyethylene bag to prevent
contamination of the surfaces with dust and dirt. Store at room
temperature until sample collection.
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11.3.4.3 After rinsing labware and sampling equipment, air-dry in a class 100
clean air bench. After drying, wrap each piece of ware or equipment
in two layers of polyethylene film.

NOTE: Polyethylene bottles cannot be used to collect samples that will be analyzed
for mercury at trace (e.g., 0.012 pg/L) levels because of the potential for vapors tp
diffuse through the polyethylene.

11344 Polyethylene bags—If polyethylene bags need to be cleaned, clean
according to the following procedure:

11.3.4.4.1 Partially fill with cold, (1+1) HNO, (Section 7.1.2) and rinse
with distilled deionized water (Section 7.2).

11.3.44.2 Dry by hanging upside down from a plastic line with a plastic
clip.

11.3.5 Silicone tubing, fluoropolymer tubing, and other sampling apparatus—Clean any
silicone, fluoropolymer, or other tubing used to collect samples by rinsing with 10%
HCl (Section 7.1.10) and flushing with water from the site before sample collection.

11.3.6 Extension pole—Because of its length, it is impractical to submerse the 2-m
polyethylene extension pole (used in with the optional grab sampling device) in acid
solutions as described above. If such an extension pole is used, a nonmetallic brush
(Section 6.10.9) should be used to scrub the pole with reagent water and the pole
wiped down with acids described in Section 11.3.4. After cleaning, the pole should be
wrapped in polyethylene film.

11.4  Storage—Store each piece or assembly of the Apparatus in a clean, single polyethylene zip-
type bag. If shipment is required, place the bagged apparatus in a second polyethylene zip-

type bag.

11.5  All cleaning solutions and acid baths should be periodically monitored for accumulation of
metals that could lead to contamination. When levels of metals in the solutions become too
high, the solutions and baths should be changed and the old solutions neutralized and
discarded in compliance with state and federal regulations.

12.0 Procedures for Sample Preparation and Analysis
12.1  Aqueous sample preparation—dissolved analytes

12.1.1 For determination of dissolved analytes in ground and surface waters, pipet an aliquot
(= 20 mL) of the filtered, acid-preserved sample into a clean 50-mL polypropylene
centrifuge tube. Add an appropriate volume of (1+1) nitric acid to adjust the acid
concentration of the aliquot to approximate a 1% (v/v) nitric acid solution (e.g., add
0.4 mL (1+1) HNO;, to a 20-mL aliquot of sample). Add the internal standards, cap
the tube, and mix. The sample is now ready for analysis. Allowance for sample
dilution should be made in the calculations.
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122 Aqueous sample preparation—total recoverable analytes

Method 1640

NOTE: To preclude contamination during sample digestion, it may be necessary to
perform the open-beaker, total-recoverable digestion procedure described in Sections
12.2.1-12.2.6 in a fume hood that is located in a clean room. An alternate digestion
procedure is provided in Section 12.2.7; however, this procedure has not undergone
interlaboratory testing.

12.2.1 For the determination of total recoverable analytes in ambient water samples, transfer a
100-mL (+ 1 mL) aliquot from a well-mixed, acid-preserved sample to a 250-mL
Griffin beaker (Section 6.10.3). If appropriate, a smaller sample volume may be used.

1222 Add 2 mL (1+1) nitric acid to the beaker and place the beaker on the hot plate for
digestion. The hot plate should be located in a fume hood and previously adjusted to
provide evaporation at a temperature of approximately but no higher than 85°C. (See
the following note.) The beaker should be covered or other necessary steps should be
taken to prevent sample contamination from the fume hood environment.

NOTE: For proper heating, adjust the temperature control of the hot plate so that an
uncovered Griffin beaker containing 50 mL of water placed in the center of the hot
plate can be maintained at a temperature approximately but no higher than 85°C.
(Once the beaker is covered with a watch glass, the temperature of the water will rise
to approximately 95°C.)

12.2.3 Reduce the volume of the sample aliquot to about 20 mL by gentle heating at 85°C.
Do not boil. This step takes about 2 h for a 100-mL aliquot with the rate of
evaporation rapidly increasing as the sample volume approaches 20 mL. (A spare
beaker containing 20 mL of water can be used as a gauge.)

12.2.4 Cover the lip of the beaker with a watch glass to reduce additional evaporation and
gently reflux the sample for 30 min. (Slight boiling may occur, but vigorous boiling
must be avoided.)

12.2.5 Allow the beaker to cool. Quantitatively transfer the sample solution to a 100-mL
volumetric flask, make to volume with reagent water, stopper, and mix.

12.2.6 Allow any undissolved material to settle overnight, or centrifuge a portion of the
prepared sample until clear. (If, after centrifuging or standing overnight, the sample
contains suspended solids that would clog the nebulizer, a portion of the sample may
be filtered to remove the solids before analysis. However, care should be exercised to
avoid potential contamination from filtration.) The sample is now ready for analysis.
Because the effects of various matrices on the stability of diluted samples cannot be
characterized, all analyses should be performed as soon as possible after the completed
preparation.

12.2.7 Alternate total recoverable digestion procedure
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12.2.7.1 Open the preserved sample under clean conditions. Add ultrapure
nitric acid at the rate of 10 mL/L. Remove the cap from the original
container only long enough to add the aliquot of acid. The sample
container should not be filled to the lip by the addition of the acid.
However, only minimal headspace is needed to avoid leakage during
heating.

12,2.7.2 Tightly recap the container and shake thoroughly. Place the container
in an oven preheated to 85°C. The container should be placed on an
insulating piece of material such as wood rather than directly on the
typical metal grating. After the samples have reached 85°C, heat for 2
h. (Total time will be 2.5-3 h depending on the sample size).
Temperature can be monitored using an identical sample container with
distilled water and a thermocouple to standardize heating time.

122.7.3 Allow the sample to cool. Add the internal standards and mix. The
sample is now ready for analysis. Remove aliquots for analysis under
clean conditions. ‘

12.3  Before first use, the preconcentration system should be thoroughly cleaned and decontaminated
using 0.2M oxalic acid.

12.3.1 Place approximately 500 mL 0.2M oxalic acid in all the eluent/solution containers and
fill the sample loop with 0.2M oxalic acid using the sample pump (P4) at a flow rate
of 3—5 mL/min. With the preconcentration system disconnected from the ICP-MS
instrument, use the pump program sequence listed in Table 3, to flush the complete
system with oxalic acid. . Repeat the flush sequence three times.

12.3.2 Repeat the sequence described in Section 12.3.1 using 1.25M nitric acid and again
using reagent water in place of the 0.2M oxalic acid.

12.3.3 Rinse the containers thoroughly with reagent water, fill them with their designated
reagents (see Figure 1), and run through the sequence in Table 3 once to prime the
pump and all eluent lines with the correct reagents.

12.4  Sample Analysis

12.4.1 Initiate ICP-MS instrument operating configuration. Tune the instrument for the
analytes of interest (Section 10).

12.4.2 Establish instrument software run procedures for quantitative analysis. Because the
analytes are eluted from the preconcentration column in a transient manner, it is
recommended that the instrument software be configured in a rapid scan/peak hopping
mode. The instrument is now ready to be calibrated.

12.4.3 Reconnect the preconcentration system to the ICP-MS instrument. With valves A and
B in the off position and valve C in the on position, load the sample through the
sample loop to waste using pump P4 for 4 min at 4 mL/min. Switch on the carrier
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pump (P3) and pump 1% nitric acid to the nebulizer of the ICP-MS instrument at a
flow rate of 0.8-1.0 mL/min.

12.4.4 Switch on the buffer pump (P2), and pump 2M ammonium acetate at a flow rate of
1.0 mL/min.

12.4.5 Preconcentration of the sample may be achieved by running through an eluent pump
program (P1) sequence similar to that illustrated in Table 3. The exact timing of this
sequence should be modified according to the internal volume of the connecting tubing
and the specific hardware configuration used.

12.4.5.1 Inject sample—With valves A, B and C on, load sample from the loop
onto the column using 1M ammonium acetate for 4.5 min at 4.0
mL/min. The analytes are retained on the column, while most of the
matrix is passed through to waste.

12.45.2 Elute analytes—Turn off valves A and B and begin eluting the
analytes by pumping 1.25M nitric acid through the column at 4.0
mL/min, then turn off valve C and pump the eluted analytes into the
ICP-MS instrument at 1.0 mL/min. Initiate ICP-MS software data
acquisition and integrate the eluted analyte profiles.

12.4.5.3 Column Reconditioning—Turn on valve C to direct column effluent to
waste, and pump 1.25M nitric acid, 1M ammonium acetate, 1.25M
nitric acid and 1M ammonium acetate alternately through the column
at 4.0 mL/min. During this process, the next sample can be loaded
into the sample loop using the sample pump (P4).

12.4.6 Repeat the sequence described in Section 12.4.5 for each sample to be analyzed. At
the end of the analytical run, leave the column filled with 1M ammonium acetate
buffer until it is next used.

12.4.7 Samples having concentrations higher than the established linear dynamic range should
be diluted into range with 1% HNO; (v/v) and reanalyzed.

13.0 Data Analysis and Calculations

13.1  Elemental equations recommended for sample data calculations are listed in Table 4. Sample
data should be reported in units of pg/L (parts-per-billion; ppb). Report results at or above the
ML for metals found in samples and determined in standards. Report all results for metals
found in blanks, regardless of level.

13.2  For data values less than the ML, two significant figures should be used for feporting element
concentrations. For data values greater than or equal to the ML, three significant figures
should be used.

13.3  Compute the concentration of each analyte in the sample using the response factor determined
from calibration data (Section 10.4) and the following equation:
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A xC
C, (mg/L) = _s B
A X RE
Where the terms are as defined in Section 10.4.2.
13.4  Corrections for characterized spectral interferences should be applied to the data. Chloride

13.5

13.6

13.7

14.0

14.1

15.0

15.1

interference corrections should be made on all samples, regardless of the addition of
hydrochloric acid, because the chloride ion is a common constituent of environmental samples.

If an element has more than one monitored m/z, examination of the concentration calculated
for each m/z, or the relative abundances, will provide useful information for the analyst in
detecting a possible spectral interference. Consideration should therefore be given to both
primary and secondary m/z’s in the evaluation of the element concentration. In some cases,
the secondary m/z may be less sensitive or more prone to interferences than the primary
recommended m/z; therefore, differences between the results do not necessarily indicate a
problem with data calculated for the primary m/z.

The QC data obtained during the analyses provide an indication of the quality of the sample
data and should be provided with the sample results.

Do not perform blank subtraction on the sample results. Report results for samples and
accompanying blanks.

Method Performance

The method detection limits (MDLs) listed in Table 1 and the quality control acceptance
criteria listed in Table 2 were validated in two laboratories (Reference 25) for dissolved
analytes.

Pollution Prevention

Pollution prevention encompasses any technique that reduces or eliminates the quantity or
toxicity of waste at the point of generation. Many opportunities for pollution prevention exist
in laboratory operation. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first
choice. Whenever feasible, laboratory personnel should use pollution prevention techniques to
address their waste generation. When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option. The acids used in this method should
be reused as practicable by purifying by electrochemical techniques. The only other chemicals
used in this method are the neat materials used in preparing standards. These standards are
used in extremely small amounts and pose little threat to the environment when managed
properly. Standards should be prepared in volumes consistent with laboratory use to minimize
the volume of expired standards to be disposed.
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15.2  For information about pollution prevention that may be applicable to laboratories and research

16.0

16.1

17.0

institutions, consult Less is Better: Laboratory Chemical Management for Waste Reduction,
available from the American Chemical Society’s Department of Government Relations and
Science Policy, 1155 16th Street NW, Washington DC 20036, 202/872-4477.

Waste Management

The Environmental Protection Agency requires that laboratory waste management practices be
conducted consistent with all applicable rules and regulations. The Agency urges laboratories
to protect the air, water, and land by minimizing and controlling all releases from hoods and
bench operations, complying with the letter and spirit of any sewer discharge permits and
regulations, and by complying with all solid and hazardous waste regulations, particularly the
hazardous waste identification rules and land disposal restrictions. For further information on
waste management consult The Waste Management Manual for Laboratory Personnel,
available from the American Chemical Society at the address listed in the Section 15.2.
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18.0 Glossary

Many of the terms and definitions listed below are used in the EPA 1600-series methods, but
terms have been cross-referenced to terms commonly used in other methods where possible.

18.1  Ambient Water—Waters in the natural environment (e.g., rivers, lakes, streams, and other
receiving waters), as opposed to effluent discharges.

18.2  Analyte—A metal tested for by the methods referenced in this method. The analytes are
listed in Table 1. .

18.3  Apparatus—The sample container and other containers, filters, filter holders, labware, tubing,
pipets, and other materials and devices used for sample collection or sample preparation, and
that will contact samples, blanks, or analytical standards.

18.4  Calibration Blank—A volume of reagent water acidified with the same acid matrix as in the
calibration standards. The calibration blank is a zero standard and is used to calibrate the ICP
instrument (Section 7.6.1).

18.5  Calibration Standard (CAL)—A solution prepared from a dilute mixed standard and/or stock
solutions and used to calibrate the response of the instrument with respect to analyte
concentration.

18.6  Dissolved Analyte—The concentration of analyte in an aqueous sample that will pass through
a 0.45-pm membrane filter assembly prior to sample acidification (Section 8.3).

18.7  Equipment Blank—An aliquot of reagent water that is subjected.in the laboratory to all
aspects of sample collection and analysis, including contact with all sampling devices and
apparatus. The purpose of the equipment blank is to determine if the sampling devices and
apparatus for sample collection have been adequately cleaned before they are shipped to the
field site. An acceptable equipment blank must be achieved before the sampling devices and
apparatus are used for sample collection. In addition, equipment blanks should be run on
random, representative sets of gloves, storage bags, and plastic wrap for each lot to determine
if these materials are free from contamination before they are used.

18.8  Field Blank—An aliquot of reagent water that is placed in a sample container in the
laboratory, shipped to the field, and treated as a sample in all respects, including contact with
the sampling devices and exposure to sampling site conditions, storage, preservation, and all
analytical procedures, which may include filtration. The purpose of the field blank is to
determine if the field or sample transporting procedures and environments have contaminated
the sample.

18.9  Field Duplicates (FD1 and FD2)—Two separate samples collected in separate sample bottles
at the same time and place under identical circumstances and treated exactly the same
throughout field and laboratory procedures. Analyses of FD1 and FD2 give a measure of the
precision associated with sample collection, preservation, and storage, as well as with
laboratory procedures.
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18.10

18.11

18.12

18.13

18.14

18.15

18.16

18.17

18.18

18.19

18.20

18.21
18.22

18.23

Initial Precision and Recovery (IPR)—Four aliquots of the OPR standard analyzed to
establish the ability to generate acceptable precision and accuracy. IPRs are performed before
the first time a method is used and any time the method or instrumentation is modified.

Instrument Detection Limit (IDL)—The concentration equivalent to the analyte signal which
is equal to three times the standard deviation of a series of ten replicate measurements of the
calibration blank signal at the selected analytical mass(es).

Internal Standard—Pure analyte(s) added to a sample, extract, or standard solution in known
amount(s) and used to measure the relative responses of other method analytes that are
components of the same sample or solution. The internal standard must be an analyte that is
not a sample component (Sections 7.5 and 9.5).

Laboratory Blank—An aliquot of reagent water that is treated exactly as a sample including
exposure to all glassware, equipment, solvents, reagents, internal standards, and surrogates that
are used with samples. The laboratory blank is used to determine if method analytes or
interferences are present in the laboratory environment, the reagents, or the apparatus (Sections
7.6.2 and 9.6.1). '

Laboratory Control Sample (LCS)—See Ongoing Precision and Recovery (OPR) Standard.

Laboratory Duplicates (LD1 and LD2)—Two aliquots of the same sample taken in the
laboratory and analyzed separately with identical procedures. Analyses of LD1 and LD2
indicates precision associated with laboratory procedures, but not with sample collection,
preservation, or storage procedures.

Laboratory Fortified Blank (LFB)—See Ongoing Precision and ‘Recovery (OPR) Standard.

Laboratory Fortified Sample Matrix (LFM)—See Matrix Spike (MS) and Matrix Spike
Duplicate (MSD).

Laboratory Reagent Blank (LRB)—See Laboratory Blank.

Linear Dynamic Range (LDR)—The concentration range over which the instrument response
to an analyte is linear (Section 9.2.3).

Matrix Spike (MS) and Matrix Spike Duplicate (MSD)—Aliquots of an environmental
sample to which known quantities of the method analytes are added in the laboratory. The
MS and MSD are analyzed exactly like a sample. Their purpose is to quantify the bias and
precision caused by the sample matrix. The background concentrations of the analytes in the
sample matrix must be determined in a separate aliquot and the measured values in the MS
and MSD corrected for background concentrations (Section 9.3).

m/z—mass-to-charge ratio
May—This action, activity, or procedural step is optional.

May Not—This action, activity, or procedural step is prohibited.
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18.24 Method Blank—See Laboratory Blank.

18.25 Method Detection Limit (MDL)—The. minimum concéttration of an analyte that can be
identified, measured, and reported with 99% confidence that the analyte concentration is
greater than zero (Section 9.2.1 and Table 1).

18.26 Minimum Level (ML)—The lowest level at which the entire analytical system gives a
recognizable signal and acceptable calibration point (Reference 9).

18.27 Must—This action, activity, or procedural step is required.

18.28 Ongoing Precision and Recovery (OPR) Standard—A laboratory blank spiked with known
quantities of the method analytes. The OPR is analyzed exactly like a sample. Its purpose is
to determine whether the methodology is in control and to assure that the results produced by
the laboratory remain within the method-specified limits for precision and accuracy (Sections
7.9 and 9.7).

18.29 Preparation Blank—See Laboratory Blank.

18.30 Primary Dilution Standard—A solution containing the analytes that is purchased or prepared
from stock solutions and diluted as needed to prepare calibration solutions and other solutions.

18.31 Quality Control Sample (QCS)—A sample containing all or a subset of the method analytes
at known concentrations. The QCS is obtained from a source external to the laboratory or is
prepared from a source of standards different from the source of calibration standards. It is
used to check laboratory performance with test materials prepared external to the normal
preparation process.

18.32 Reagent Water—Water demonstrated to be free from the method analytes and potentially
interfering substances at the MDL for that metal in the method.

18.33 Should—This action, activity, or procedural step is suggested but not required.

18.34 Stock Standard Solution—A solution containing one or more method analytes that is
prepared using a reference material traceable to EPA, the National Institute of Science and
Technology (NIST), or a source that will attest to the purity and authenticity of the reference
material.

18.35 Total Recoverable Analyte—The concentration of analyte determined by analysis of the
solution extract of an unfiltered aqueous sample following digestion by refluxing with hot
dilute mineral acid(s) as specified in the method (Section 12.2).

18.36 Tuning Solution—A solution used to determine acceptable instrument performance before

calibration and sample analyses (Section 7.7).
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Table 1

List of Analytes Amenable to Analysis Using Method 1640: Lowest Water Quality Criterion
for Each Metal Species, Method Detection Limits, Minimum Levels,
and Recommended Analytical Masses

Lowest Method Detection Limit
Ambient (MDL) and Minimum Recommended
Water Quality Level (ML); pg/L Analytical m/z
Criterion — 3
(ng/L)’ MDL ML

Cadmium 032 BT

Copper - 25 . 63

Lead 206, 207, 208
Nickel . . 60

1. Lowest of the freshwater, marine, and human health WQC promulgated by EPA for 14 states at 40 CFR Part 131 (57 FR 60848), with hardness-dependent
freshwater aquatic life criteria adjusted in accordance with 57 FR 60848 to reflect the worst case hardness of 25 mg/L CaCO; and all aquatic life criteria
adjusted In accordance with the Oct. 1, 1993 Office of Water guidance to reflect dissolved metals criteria,

2 Method Detection Limit as determined by 40 CFR Part 136, Appendix B.
3. Minimum Level (ML) calculated by multiplying laboratory-determined MDL by 3.18 and rounding result to nearest multiple of 1, 2, 5, 10, etc. in accordance
with procedures used by EAD and described in the EPA Draft National Guidance for the Permitting, Monitoring, and Enft ¢t of Water Quality-Based

Effluent Limitations Set Below Analytical Detection/Quantitation Levels, March 22, 1994,

40 ' April 1995
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TABLE 2: QUALITY CONTROL ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS
IN EPA METHOD 1640!

Initial Precision and Calibration Verification | Ongoing Precision and | Spike Recovery
Recovery (Section 9.2) (Section 10.5) Recovery (Section 9.7) (Section 9.3)

S X

23 75-121 86-110 73-123 73-123

43 67-154 77-119 63-159 63-159

44 56-144 78-122 52-144 52-144

27 74-128 87-115 71-130 71-130

1. All specifications expressed -as percent.
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TABLE 3: ELUENT PUMP PROGRAMMING SEQUENCE FOR PRECONCENTRATION
OF TRACE ELEMENTS

e

Time Flow Eluent Valve  Valve
(min)  (mL/min) AB C
0.0 4.0 1M ammonium acetate ON ON
45 4.0 1.25M HNO, ON ON
5.1 10 1.25M HNO, OFF ON
5.5 1.0 1.25M HNO, OFF OFF
7.5 4.0 1.25M HNO, OFF ON
8.0 4.0 1M ammonium acetate OFF ON
10.0 4.0 1.25M HNO, OFF ON
11.0 4.0 1M ammonium acetate OFF ON
12.5 0.0 OFF ON

R S
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Method 1640

TABLE 4: RECOMMENDED ANALYTICAL ISOTOPES AND ELEMENTAL EQUATIONS
' FOR DATA CALCULATIONS

200 S

Element Isotope Elemental Equation Note
Cd 106,108,111,114 (1.000)(*1'C)-(1.073)[(*®C)~(0.712)(*%C)] (¢))
Cu 63,65 (1.000)(®*C)

Pb 206,207,208 (1.000)(**C)+(1.000)(*’C)+(1.000)(**C) @
Ni 60 - (1.000)(*°C)

[ R S e e

C—counts at specified m/Z.
(1)—correction for MoO interference. An additional isobaric elemental correction should be made if

palladium is present.
(2)—allowance for variability of lead isotopes.

NOTE: As a minimum, all isotopes listed should be monitored. Isotopes recommended for analytical
determination are underlined.
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TABLE 5: RECOMMENDED INSTRUMENTAL OPERATING CONDITIONS

L
Chromatography

Instrument Dionex chelation system
Preconcentration column Dionex MetPac CC-1

ICP-MS Instrument Conditions

Instrument VG PlasmaQuad Type I
Plasma forward power 1.35 kW

Coolant flow rate 13.5 L/min

Auxiliary flow rate 0.6 L/min

Nebulizer flow rate 0.78 L/min

Internal standards Sc, Y, In, Tb
Data Acquisition

Detector mode Pulse counting
Mass range 45-240 amu
Dwell time 160 ps
Number of MCA channels 2048

Number of scan sweeps 250
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Figure 1. Configuration of Preconcentration System
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HELCOM Manual for marine monitoring in the COMBINE programme

ANNEX B-11 APPENDIX 2: TECHNICAL ANNEX ON THE DETERMINATION OF
HEAVY METALS AND PERSISTENT ORGANIC COMPOUNDS IN SEAWATER

TECHNICAL NOTE ON THE DETERMINATION OF PERSISTENT ORGANIC
POLLUTANTS IN SEAWATER

1. INTRODUCTION

These guidelines concentrate on the sampling and extraction of lipophilic persistent organic pollutants
from seawater and special aspects of the sampling matrix. This group of pollutants comprises the
group of polycyclic aromatic hydrocarbons (PAHSs) and chlorinated hydrocarbons (e.g., HCH, HCB,
DDT group, chlorinated biphenyls (PCBs)).

For general aspects and the analytical determination, reference is made to the following guidelines:

* "Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Sediments: Analytical Methods",
ICES ACME Report 1997,

* "Guidelines for the determination of chlorobiphenyls in sediments: Analytical methods", ICES
ACME Report 1996;

» "Determination of Polycyclic Aromatic Hydrocarbons (PAH)s in Biota", ICES ACME Report 1998;
and

» Annex B-14 (these Guidelines).

As the same analytical methods can be used for the determination of lipophilic pollutants in extracts
of water samples as are used for extracts of sediments, it is felt that it is a useful way to unify
analytical procedures to refer to these publications only.

However, it should be taken into consideration (e.g., for calibration) that the relative concentrations of
the individual pollutants are generally quite different in water and sediment samples. The
concentration patterns of the pollutants are mainly influenced by their polarity which can be expressed
by their octanol/water coefficient (log Kow; Kow = Concentration in octanol phase / Concentration in
aqueous phase). Thus, in water samples the more hydrophilic compounds with log Kow values of 3 to
4 predominate (e.g., 2- and 3-ring aromatics and HCH isomers), while in sediments and biota the
pollutants with log Kow values >5 are enriched (4- to 6-ring aromatics, DDT group, PCBs).

These guidelines provide advice on lipophilic persistent organic pollutant (POPSs) analyses in total
seawater with a log KOW > 3. The analysis of POPs generally includes:

1. » sampling and extraction of the water;
2. * clean-up; and
3. » analytical determination.

The extraction of the POPs simultaneously enables an enrichment of the analytes. Because of the very
low concentration range of 10 pg I* to 10 ng I, the enrichment of the contaminants is a very
important step in the procedure. Extraction and enrichment can be done by solid phase extraction
(SPE) or liquid-liquid extraction (LLE).

Determination depends on the chemical structure of the compounds. PAHSs can be determined by high
performance liquid chromatography (HPLC) with fluorescence detection or gas chromatographic
(GC) separation with flame ionization (FID) or mass spectrometric (MS) detection (Fetzer and VVo-
Dinh, 1989; Wise et al., 1995). Chlorinated hydrocarbons are generally analysed by gas
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chromatographic (GC) separation with electron capture detectors (ECD) or mass spectrometric (MS)
detection.

All steps of the procedure are susceptible to insufficient recovery and/or contamination. Therefore,
regular quality control procedures must be applied to check the performance of the whole method.
These guidelines are intended to encourage and assist analytical chemists to critically reconsider their
methods and to improve their procedures and/or the associated quality control measures, where
necessary.

These guidelines are not intended as a complete laboratory manual. If necessary, guidance should be
sought from specialized laboratories. Whichever procedure is adopted, each laboratory must
demonstrate the validity of each step of its procedure. In addition, the use of a second (and different)
method, carried out concurrently to the routine procedure, is recommended for validation. The
participation in analytical proficiency tests is highly recommended.

2. SAMPLING AND STORAGE

Plastic materials must not be used for sampling and storage owing to possible adsorption on the
container material or contamination. Especially the very lipophilic compounds (4- to 6-ring aromatic
hydrocarbons, DDT, PCBs) tend to adsorb on every surface. Therefore, the seawater samples should
not be stored longer than 2 h and should not be transferred into other containers before extraction. It is
highly recommended to extract the water sample as soon as possible after sampling and to use as little
manipulation as possible. It is recommended that sampling and extraction should be done in the same
device. Extracts in organic solvents are less susceptible to adsorption onto surfaces.

3. BLANKS AND CONTAMINATION

In many cases, the procedural detection limit is determined by the blank value. In order to keep the
blank value as low as possible, the compounds to be analysed or other interfering compounds should
be removed from all glassware, solvents, chemicals, adsorption materials, etc., that are used in the
analysis. The following procedures should be used:

* Glassware should be thoroughly washed with detergents and rinsed with an organic solvent prior to
use. Further cleaning of the glassware, other than calibrated instruments, can be carried out by heating
at temperatures > 250 °C.

* All solvents should be checked for impurities by concentrating the amount normally used to 10 % of
the normal end volume. This concentrate is then analysed in the same way as a sample by HPLC or
GC and should not contain significant amounts of the compounds to be analysed or other interfering
compounds.

* All chemicals and adsorption materials should be checked for impurities and purified (e.g., by
heating or extraction), if necessary. Soxhlet thimbles should be pre-extracted. Glassfiber thimbles are
preferred over paper thimbles. Alternatively, full glass Soxhlet thimbles, with a G1 glass filter at the
bottom, can be used. The storage of these supercleaned materials for a long period is not
recommended, as laboratory air can contain PAHSs that will be adsorbed by these materials. Blank
values occurring despite all the above-mentioned precautions may be due to contamination from the
air. The most volatile compounds will usually show the highest blanks (Gremm and Frimmel, 1990).

As the concentrations of the PAHSs and chlorinated hydrocarbons in seawater are very low, possible
blank and contamination problems might be even more difficult to control than with sediment
samples. Therefore, it is recommended to rewash all equipment (vials, pipettes, glass bottles) with
solvent just before use. If possible, critical steps should be done in a clean bench.
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The more volatile compounds (especially naphthalene and phenanthrene) show the largest blank
problems.

4. PRE-TREATMENT
For the extraction of whole water samples, no pre-treatment is necessary.

If the suspended particulate material (SPM) will be analysed separately from the solute phase, a phase
separation has to be done. Because of the necessary additional manipulation step, this is a difficult
operation which affords a number of additional quality control procedures (adsorption losses,
contamination problems). There are two possible ways for phase separation: filtration and
centrifugation.

Filtration is done by GF/F glass fibre filters. As flat-bed filters have a very limited capacity, the use of
coiled glass fibre filters is recommended for volumes larger than 10 | and water samples with high
amounts of suspended matter. A pump is necessary to force the water through the filter.

Centrifugation needs a high volume centrifuge which must be operable onboard a ship. Such
centrifuges with a throughput of 1 m?® h—1land more are commercially available and used for sampling
SPM; however, they are expensive and generally not a standard equipment. For centrifugation, blanks
and adsorption problems have to be controlled as well as the separation efficiency.

The sampled SPM is analysed like a sediment. The solute phase is analysed like the whole water
sample.

Validation of the phase separation procedures is very difficult; thus, it might be wise to analyse the
whole water sample for monitoring purposes and to determine separately only the amount of SPM in
the water for reference or normalization purposes.

5. EXTRACTION

The volume of the water sample is the most important parameter which influences the limit of
determination of the method. As POP concentrations down to 10 pg I"* and less are observed in
seawater, large water volumes of 10 I to 100 | have to be sampled and extracted. Large volumes are
required not only to obtain a sufficiently high detector signal, but also to discriminate from blank
problems.

Principally, there are two different extraction principles in current use: solid phase extraction (SPE)
and liquid-liquid extraction (LLE). Unfortunately, the two procedures do not always yield comparable
results, as the physical extraction principles are quite different (Sturm et al., 1998, Gomez-Belinchon
et al., 1988).

SPE has the advantage of being able to extract very large water volumes (up to 1000 I) and to
incorporate a phase separation to obtain separate samples for SPM and the solute phase. The
drawbacks of the method are a longer sampling time demand, a more complex instrumentation, and
problems with validation and control of the extraction efficiency.

LLE has the advantage that it can be easily validated and controlled, as internal standards can be
added before extraction. Also, standard addition techniques can be used for accuracy testing. As LLE
is a classical extraction technique, a great deal of experience is available and the robustness of the
principle is proven. The limitation in sample volume is only relative, as techniques have been
described for sampling 10 | and 100 | on a routine basis (Gaul and Ziebarth, 1993; Theobald et al.,
1990). It has been shown that a sampling volume of 100 I is sufficient for