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CHAPTER 13



CLEAN SAMPLING FOR AQUEOUS TRACE METALS AND TRACE ORGANICS





��tc  \l 1 "CLEAN SAMPLING FOR AQUEOUS TRACE METALS AND TRACE ORGANICS"�13.1  PURPOSE�tc  \l 2 "13.1  PURPOSE"�.  The purpose of this chapter is to provide practical instructions on when and how to successfully use clean sampling procedures.  Clean and ultraclean sampling procedures are specialized techniques needed to collect contamination-free water samples for low level trace metals and trace organic analysis.  These procedures represent an increased level of effort (and cost) over established water sampling techniques (See Chapter 7) and are required to accurately measure the low, background concentrations of trace metals and organics present in natural waters (i.e. low parts per billion (ppb) to low parts per trillion (ppt)).  Clean procedures are also needed to filter water samples without contamination for dissolved trace metals and organics where low detection limits are needed.  At these low levels even "invisible" amounts of contamination from the atmosphere or surfaces contacting the sample can result in false high concentration data.  Consequently, the guiding principle in clean chemistry is to avoid contamination  during all steps in the sampling process (i.e. collection, processing, and analysis) and to document the lack of contamination through the liberal use of equipment, field and laboratory blank samples.  Avoiding contamination is accomplished by using specially cleaned sampling equipment and exercising additional care during the entire sampling and analysis process.



13.2  SCOPE�tc  \l 2 "13.2  SCOPE"�.  Clean chemistry is a general term which encompasses all procedures needed to accurately measure the low (background) concentrations of trace metals and organics found in natural waters.  Clean chemistry includes three separate components:



Collection of water samples without contamination (clean sampling)

Very sensitive analytical techniques capable of measuring trace metals and organics in water at the part per trillion level and below (clean analysis)

Comprehensive quality assurance (QA) procedures to verify the lack of contamination during both field sampling and laboratory analysis 

	

	All three components must be successfully completed to produce accurate and defensible data.  This chapter describes the clean sampling procedures required to collect water samples without contamination and the associated QA procedures needed to confirm a contamination-free sample.Very sensitive analytical techniques and their associated QA procedures are an essential component of clean chemistry but are beyond the scope of this chapter.  However, it must be noted that even if a sample is collected cleanly in the field, inaccurate data can easily be produced during the laboratory phase.  For example, contamination from the laboratory environment can occur during sample preparation (e.g. preservation, digestion, etc.) or analysis.  Also, it is difficult to analyze samples at concentrations less than 1-10 ppb and inaccurate data can arise if the analyst does not deal effectively with interferences caused by chemicals (matrix) in the sample or with small signals caused by working near the detection limit of the analytical instrument used.  This is especially true for trace metals in seawater samples, which must be analyzed using sophisticated extraction or preconcentration techniques to produce accurate data.  The U.S. Environmental Protection Agency (EPA) is in the process of issuing new, clean chemistry (1600 series) analytical methods for both trace metals and trace organics which are specifically directed at making measurements in the low ppb to ppt range.



	The clean sampling procedures discussed in this chapter are only applicable to the collection of natural waters and waste waters where low detection limit or dissolved trace metals or organics measurements are needed.  Ambient (background) concentrations of these metals and organics in water are so low that even minute contamination can invalidate the sample.  Clean sampling procedures are generally inappropriate (i.e. overkill) for total recoverable determinations of metals and organics in treated and untreated industrial effluents where concentrations are in the mid to high ppb range.  The same is true for collecting biological (tissue) and geological (sediment) materials where the concentrations of these constituents can be even higher (parts per million (ppm) range).  However, the guidance on eliminating or minimizing contamination in this chapter can be useful in improving the collection of other sample types including: organisms, soils, sludges, solid and hazardous wastes, and air-borne metals samples, whether particulate or volatile.



	Clean sampling procedures for trace metals and organics are covered separately in this chapter.    However, since the goal for clean sampling of both metals and organics is to avoid all external contamination, there is much in common between each set of procedures.  The first three sections of this chapter give background and introductory information about clean sampling procedures.  This information will provide sampling personnel an understanding of the fundamental concepts upon which clean sampling is based and will allow implementation of these procedures in an efficient and cost-effective manner.  The introductory sections include:



Background

When to Use Clean Sampling Procedures

Specialized Facilities and Equipment

Hazards and Safety Precautions



	The remaining chapter sections are organized by tasks needed to carry out a successful field sampling program using clean sampling procedures.  All necessary QA procedures and samples are incorporated into these sections which include:



Preparation for Field Sampling

Field Sampling Procedures

Post-Sampling Procedures



13.3  BACKGROUND�tc  \l 2 "13.3  BACKGROUND"�.  The need for low detection limit, clean chemistry procedures is a result of the EPA's increased emphasis in recent years on water-quality criteria (WQC) based permitting.  Currently, compliance monitoring for trace metals is based on technology-based effluent limits which are in the mid to high ppb range.  To accurately measure these technology-based limits for compliance monitoring and to avoid false positives, analytical methods with  method detection limits (MDL) approximately one-tenth of the effluent limits are needed (See Table 13-1).These methods are routinely available in environmental laboratories and the reporting limits (i.e. minimum level (ML), ML= 3.18 times the MDL) for these methods are listed in Table 13-1.  However, as the EPA changes to WQC-based effluent limits, more sensitive analytical techniques will be needed.  The lowest freshwater and saltwater WQC are generally in the low ppb range.  To accurately perform compliance monitoring,  analytical techniques with MDL's ten times lower than the WQC will be required.  The EPA has already issued several new, more sensitive methods (1600 series) to measure trace metals in water at WQC levels.



	A second development which makes the use of clean chemistry procedures necessary, is the EPA's change from total recoverable to dissolved trace metal concentrations for compliance monitoring.  This change was made because the dissolved metals more closely approximates the bioavailable (toxic) fraction of metal in the water column than total recoverable metal does.  Dissolved metal samples are produced by filtering the raw water through a 0.45 :m filter in the field.  This filtration step is highly prone to contamination and requires clean sampling procedures to produce valid data.  Figure 13-1 illustrates the relationship among various trace metal fractions (species) in water samples.
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Figure 13-1 Physical Specification of Trace Metals in Water



13.3.1  Trace Metals�tc  \l 3 "13.3.1  Trace Metals"�.  The ease of contaminating water samples with the trace metals and interfering substances cannot be overemphasized.  The reason for this situation is two-fold.  First, trace metals are everywhere in the environment, so contamination of water samples with external metals can occur during every step of the sampling and analysis process.  Second, the natural (background) concentrations of trace metals in water as well as certain WQC are in the low ppb to ppt range (See Table 13-1 Columns 5 and 7).  These levels are so low that even the smallest piece of material can result in an erroneously high concentration value.  As a result, avoiding sample contamination is the overriding goal of clean sampling procedures, and the approach is straightforward to ensure that any object or substance that contacts the sample is non-metallic and free from any material that may contain metals.  When this goal is understood, most clean procedures are easy to understand as more or less common sense ways to keep water samples from coming into contact with potential external contaminants. 

	There are numerous routes by which samples may become contaminated.  Potential sources of trace metals contamination during sampling include:

Table 13-1 Comparison of U.S. EPA Technology-Based and Water Quality Criteria (WQC) 

Based Minimum (Reporting) Levels (ML) and WQC with Typical Dissolved Metal Concentrations in 

Freshwater and Saltwater for 13 Priority Pollutant Metals

	Concentration (Fg/L = ppb)��������1



Element�2

EPA

Technology-Based

ML�3

Lowest

EPA WQC-Based

ML�4

Lowest

EPA Freshwater

WQC�5

Typical

Dissolved

Freshwater�6

Lowest

EPA Saltwater

WQC�7

Typical

Dissolved

Saltwater��Antimony

Arsenic

Beryllium

Cadmium

Chromium (VI)

Copper

Lead

Mercury

Nickel

Selenium

Silver

Thallium

Zinc�	20.0

	10.0

	---

	5.0

	20.0

	25.0

	5.0

	0.2

	40.0

	5.0

	10.0

	10.0

	20.0�	0.02

	0.005

	---

	0.01

	0.5

	0.1

	0.02

	0.0002

	0.1

	2.0

	0.1

	0.02

	0.5�	---

	181.0

	---

	0.32

	10.5

	3.1

	0.14

	0.012

	42.0

	5.0

	0.31

	---

	28.0�	1.0

	1.7

	---

	0.02

	1.0*

	1.5

	0.1

	0.004

	0.5

	0.08

	0.02

	---

	20.0�	---

	34.2

	---

	7.9

	47.5

	2.5

	2.1

	0.025

	7.1

	71.0

	2.0

	---

	73.0�	0.15

	1.8

	0.0002

	0.081

	0.21*

	0.26

	0.002

	0.001

	0.48

	0.14

	0.003

	0.013

	0.4��1	Technology-based minimum (quantitation) level = 3.18* method detection limit (MDL).

2.	WQC-based ML from new EPA series 1600 methods.

3.	Lowest EPA WQC for freshwater usually chronic total dissolved at 25 mg/L CaCO3.

4.	Typical dissolved freshwater values.

5.	Lowest EPA WQC for saltwater usually chronic total dissolved.

6.	Typical dissolved saltwater values.

*	Indicates total dissolved concentration combining both Cr (III) and Vr (VI) concentrations.

Metallic or metal-containing sampling equipment, containers, labware (e.g. talc gloves containing high levels of zinc), reagents, and deionized water 

Improperly cleaned and stored equipment, labware, and reagents

Atmospheric inputs such as dirt and dust from automobile exhaust, cigarette smoke, nearby roads, bridges, wires, poles, etc.  (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.)



	Clearly preventing ambient water samples from becoming contaminated during the sampling and analytical process is the greatest challenge faced in trace metals determinations.  Over the last two decades, marine chemists have come to recognize that much of the historical data regarding 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 due to contamination during sampling and analysis.  Therefore, it is imperative that extreme care be taken to avoid contamination when collecting and analyzing ambient water samples for trace metals.  If these clean chemistry procedures are not followed, the resulting data will most likely be considered invalid and not defensible.



	The EPA has recently issued (April 1995) detailed guidance on sampling ambient water for trace metals at low WQC levels (Method 1669).  A companion document provides guidance on evaluating the data quality of low level ambient water trace metal data.  The U.S. Geological Survey (USGS) has issued its own guidance for clean sampling of ambient waters.  Much of the guidance provided here has been adapted from these guidance documents.



13.3.2  Trace Organics�tc  \l 3 "13.3.2  Trace Organics"�.  The approach for sampling trace organics in water samples is fundamentally the same as for trace metals but the level of effort required to obtain contamination-free samples is significantly less because most synthetic organic compounds being measured are not naturally occurring.  Many trace organics may be absent or at extremely low concentrations in many parts of the environment and consequently, the chance for contamination is less.   Also, the environmental concentrations of many organic compounds, which do occur naturally, are substantially lower than those for trace metals.  An important exception is organics associated with the burning of fossil fuel or smoking, which are widespread human activities which must be controlled when sampling for trace organics.



	The large majority of trace organic analyses of water involve determining the total concentration of the compound of interest which can be extracted from the sample using organic solvents (e.g. hexane, methylene chloride, etc.).  The filtration of samples to determine dissolved organics is not commonly done since the total recoverable concentration is considered a better indicator of the amount of bioavailable compound present.  Filtration is more often used to remove suspended solids which can interfere with sample analysis.



	There is no consolidated guidance (such as method 1669 for trace metals) from the EPA for the clean sampling of trace organics.  The procedures are scattered among the scientific literature and EPA methods and can vary depending on the trace organic compound to be determined.  The guidance given here will be general.  Prior to sampling for trace organics, the appropriate EPA analytical method(s) should be consulted for specific guidance on field sampling of the exact trace organics to be measured.  The EPA is issuing new trace organics methods (1600 series) which will provide the latest guidance.



13.4  WHEN TO USE CLEAN SAMPLING PROCEDURES�tc  \l 2 "13.4  WHEN TO USE CLEAN SAMPLING PROCEDURES"�.  Two of the most important factors in successfully implementing these procedures are:

An awareness of potential sources of contamination

Strict attention to work being performed



	Therefore, it is imperative that the procedures described in this method be carried out by well-trained, experienced personnel.  Documentation of training should be kept on file and be readily available for review.



13.4.1  Trace Metals�tc  \l 3 "13.4.1  Trace Metals"�.  EPA method 1669 was written to cover all sampling situations including the collection of water samples for mercury (Hg) analysis at the sub-ppt range.  As a result, this method includes many procedures which are unnecessary (i.e. overkill) for a project which does not require such low detection limits.  This section provides practical guidance on when and how to tailor clean sampling procedures to meet the data quality objectives (DQO) of each monitoring study.  Unnecessary procedures can be omitted to control costs without sacrificing data quality. Method 1669 as well as the 1600 series analytical methods are all performance based.  The methods can be modified, including the use of less stringent procedures when appropriate, as long as all QA performance criteria are met.  For example, equipment cleaning steps can be eliminated if equipment and field blanks remain below the target monitoring MDL. 



	Table 13-1 summarizes the lowest WQC for both freshwater (Column 4) and saltwater (Column 6) and the ML's (Column 3).  The metals fall into two groups:



Mercury, whose WQC (0.012 ppb) is so close to the natural background level that ultra-clean procedures are needed for all monitoring

All other metals, whose WQC are often much higher than natural background levels requiring less stringent clean procedures for monitoring



	A three tiered approach is recommended for implementing the procedures described in this chapter.  The objective of this approach is to determine the optimum level of clean sampling effort required to meet the DQO's for the monitoring program of interest.



Tier 1.  Required MDL's for all metals to be measured are greater than 200 ppb.  Use of existing technology-based effluent monitoring methods for the collection and analysis of water and wastewater should be adequate to produce accurate data. 



Tier 2.  Required MDL of at least one metal to be measured is less than 200 ppb, but greater than Tier 3 target MDLs.  Clean procedures must be used to produce accurate data for all metals of interest.  This is the recommended minimum for clean sampling.



Tier 3.  Required MDL of at least one metal to be measured is less than Tiers 2 and 3 target MDLs.   Ultra-clean procedures must be used to produce accurate data for all metals of interest.  This is the suggested minimum for quantitating aqueous trace metals at ambient (background) levels.

	The tiers are defined in terms of threshold MDL's which can vary among metals.  Table 13-2 summarizes threshold MDLs for the 13 priority pollutant metals.   Tier 1 and Tier 2 MDLs are set at 200 ppb for all elements.   This threshold represents an order of magnitude safety factor over the concentration (i.e. ~ 20 ppb) where sample contamination begins to be a significant concern for most metals.  Tiers 2 and 3 threshold MDLs are based on field and laboratory experience and are set at the level for each element at which contamination (i.e. detectable blanks) begins to be observed using clean (less stringent) procedures.  Unless two different sampling procedures are used, the metal with the lowest threshold MDL will determine the level of effort (tier) used to collect all samples.  



	Table 13-2 Threshold MDL's Defining the Level

	of Effort (Tier) Required to Collect

	Uncontaminated Aqueous Trace Metal Samples

				Threshold MDL Range (Fg/L = ppb)�����



Element�	Tier 1

	Existing

	Methods�	Tier 2



	Clean�	Tier 3

	Ultra-

	Clean��Antimony

Arsenic (III)

Beryllium

Cadmium

Chromium (III)

Copper

Lead

Mercury

Nickel

Selenium

Silver

Thallium

Zinc�> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0

> 200.0�< 200.0 - 0.1

< 200.0 - 0.1

< 200.0 - 0.05

< 200.0 - 0.05

< 200.0 - 0.1

< 200.0 - 0.1

< 200.0 - 0.07

< 200.0 - 0.03

< 200.0 - 0.1

< 200.0 - 0.05

< 200.0 - 0.03

< 200.0 - 0.1

< 200.0 - 1.0�	< 0.1 

	< 0.1 

	< 0.05

	< 0.05

	< 0.1 

	< 0.1 

	< 0.07

	< 0.03

	< 0.1 

	< 0.05

	< 0.03

	< 0.1 

	< 1.0 ���seq Figure  \* Arabic  \r0�0�

	In the method sections of this document (i.e. Sections 13.5 through 13.9), two levels of guidance are offered.  The first designated clean (Tier 2, recommended minimum) represents the level of effort that should be invested in the collection, processing, and analysis of any environmental sample where the required MDL is less than 200 ppb.  The second level designated ultra-clean (Tier 3) represents an enhanced level of effort that may be needed if the Tier 2 level of effort fails to satisfy DQO.  Tiers 2 and 3 threshold 

MDLs can be used as a guide to the concentrations where such enhanced effort may be needed.

13.4.2  Trace Organics�tc  \l 3 "13.4.2  Trace Organics"�.  The distinction between clean and ultraclean procedures has less meaning for organics due to the reduced likelihood of contamination.  The tiered level of effort approach is not used for trace organics in this guidance.  Still, the level of effort for clean organics sampling is also tied to the target MDL needed for a given study.  Greater effort and care are needed to collect a trace organics sample set with  target MDLs in the low ppt range compared to a set with target MDLs in the ppb range.



13.5  SPECIALIZED FACILITIES AND EQUIPMENT�tc  \l 2 "13.5  SPECIALIZED FACILITIES AND EQUIPMENT"�.



13.5.1  Trace Metals�tc  \l 3 "

13.5.1  Trace Metals"�.



13.5.1.1  Laboratory Space�tc  \l 4 "13.5.1.1  Laboratory Space"�.  The best way to control contamination is to completely avoid exposure of the sample and apparatus to contamination in the first place.  Avoiding exposure means performing operations in an area known to be free from contamination.  No high level trace metal samples are allowed in the portion of the lab reserved for clean trace metals work.



13.5.1.1.1  Tier 2 (Clean)�tc  \l 5 "13.5.1.1.1  Tier 2 (Clean)"�.  As a minimum, a portion of the laboratory should be set aside for low level trace metals work and isolated from the rest of the area by some sort of vertical plastic barrier.  An effort should also be made to control material falling from the ceiling into the isolated area.  All metal fixtures should be replaced with plastic ones and all surfaces should be coated with epoxy paint to minimize airborne particulates.  This area should include a fume hood for acid cleaning all labware.  A class 100 laminar flow clean bench is desirable but not necessary as long as care is taken to avoid contamination whenever labware or samples are open to the laboratory atmosphere.



13.5.1.1.2  Tier 3 (Ultra-Clean)�tc  \l 5 "13.5.1.1.2  Tier 3 (Ultra-Clean)"�.  As a minimum, in addition to the Tier 2 requirements, a class 100 laminar flow clean bench is required and an entirely separate class 100 clean room is desirable.  The EPA has recently issued guidance on constructing such cleanrooms in existing spaces.



13.5.1.2  Labware�tc  \l 4 "13.5.1.2  Labware"�.  The labware is the same for both Tier 2 and Tier 3 applications.  The only difference between tiers is how the labware is cleaned.  Also, the necessary labware should be set aside and used only for clean sampling work.  All labware and other apparatus used for clean trace metals sampling must be non-metallic and free of material that may contain metals.  Only the following materials should come in contact with samples: fluoropolymer, conventional or linear polyethylene, polycarbonate, polysulfone, polypropylene, or ultra-pure quartz.  PTFE is less desirable than FEP because the sintered material in PTFE may contain contaminants and is susceptible to serious memory effects.  Only fluoropolymer should be used for samples that will be analyzed for mercury because mercury vapors can diffuse in or out of other materials, resulting either in contamination or low-biased results.  Glass and metal must not be used under any circumstance.



	The following materials have been found to contain trace metals and must not be used to hold liquids that come in contact with the sample or must not contact the sample, unless these materials have been shown to be free of the metals of interest at the desired level:  Pyrex, Kimax, methacrylate, polyvinylchloride, nylon, and Vycor.  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.



	Table 13-3 Reagent Water Quality

	for Clean Sampling

Quality Parameter�	Type I�	Type II�	Type III��Bacteria, CFU/ml



pH



Resistivity,

megohm-cm at 25EC



Conductivity,

mho/cm at 25EC



SiO2, mg/L



Total solids, mg/L



Total oxidizable organic carbon mg/L



Trace metals of interest (ng/L)



Trace organics of interest (ng/L)�	10.0



	NA



	> 10.0





	< 0.1





	< 0.05



	0.1



	< 0.05





	< 5.0





	< MDL*�	1000.0



	NA



	> 1.0





	1.0





	< 0.1



	1.0



	< 0.2





	< 100.0





	< ML*�	NA



	5.0-8.0



	0.1





	10.0





	< 1.0



	5.0



	< 1.0  





	< 1000.0





	< 500.0��

NAIndicates not applicable

13.5.1.3  Reagent Water�tc  \l 4 "13.5.1.3  Reagent Water"�.  Table 13-3 defines three types of reagent water.  



NOTE:

The water types specified in Table 13-3 are for clean sampling and testing as defined in this chapter.  The water quality used must be specified as to reference and type in the Field Sampling Plan (e.g., ASTM Type I, SM Type I, or EPA Type I)



	Large volumes of Type I and II reagent water are needed for labware cleaning and other activities associated with clean sampling for trace metals.  Type I and II reagent water can be prepared by various methods including distillation, deionization, reverse osmosis, anodic/cathodic stripping voltammetry, or other techniques that remove the metal(s) and potential interferant(s).



* Indicates not detected at or above the value indicated for the analytical method being used to measure the trace organic(s) of interest.  ML=3.18 times the MDL.



13.5.1.4  Sampling Equipment�tc  \l 4 "13.5.1.4  Sampling Equipment"�.  The only distinction between Tier 2 and 3 sampling equipment is how the equipment is handled and cleaned.  Depending on the sampling requirements no specialized sampling equipment may be needed.  Manual grab sampling, if feasible, is an ideal sampling method since the sample is introduced directly into the sample container below the surface of the water.  Other pole-mounted or submersible samplers (See Section 13-8) may be needed.  All samplers should be completely metal-free and used only for clean sampling work.  However, 

after manual grab sampling, the preferred method is to collect the samples by pumping with a peristaltic tubing pump because the sample is never exposed to the atmosphere.  A battery powered tubing pump such as the Masterflex models 7533 or 7570 or equivalent is a good choice.  If automated composite samplers are needed, an all plastic peristaltic tubing pump type sampler is required.  At this time, only total recoverable (not dissolved) samples can be collected using this type of composite sampler.  



13.5.2  Trace Organics�tc  \l 3 "

13.5.2  Trace Organics"�.



13.5.2.1  Laboratory Space�tc  \l 4 "13.5.2.1  Laboratory Space"�.  A portion of the laboratory should be reserved for trace organics work  and isolated from the rest of the laboratory by vertical barriers.  Non-plastic work surfaces are preferred.  The area must have a sink and fume hood for labware cleaning.  An effort should also be made to control material falling from the ceiling into the isolated area.  

	No high level organics samples should be allowed in this area.



13.5.2.2  Labware�tc  \l 4 "13.5.2.2  Labware"�.  All labware and equipment should be glass (amber or clear as needed) or metal.  Exceptions are bottle caps, stopcocks, etc., which should be lined with or constructed out of fluoropolymer.  All labware should be reserved for trace organics work only.



13.5.2.3  Sampling Equipment�tc  \l 4 "13.5.2.3  Sampling Equipment"�.  Manual grab sampling is the preferred method of field sampling.  Other all metal grab samplers which can hold glass sample containers may be needed.  If automatic composite samplers are needed, a system incorporating glass containers and glass or fluoropolymer tubing is required.  All sampling equipment should be reserved for trace organics work.



13.6  HAZARDS AND SAFETY PRECAUTIONS�tc  \l 2 "13.6  HAZARDS AND SAFETY PRECAUTIONS"�.  Refer to Chapter 3, Section 3.3.3 and Appendix D for specific hazard identification and appropriate reference for detailed control measures.



13.6.1  Trace Metals�tc  \l 3 "13.6.1  Trace Metals"�.  No special hazards or safety precautions are associated with clean sampling of trace metals.  Standard laboratory practices for safe handling of the strong mineral acids needed to clean the labware and apparatus must be observed.  Personal safety during field sampling (e.g. life jackets, proper clothing, etc. (See Chapter 3, Section 3.3.3 and Appendix D for specific hazard identification and appropriate reference for detailed control measures.)) on or near bodies of water is an important consideration.



13.6.2  Trace Organics�tc  \l 3 "13.6.2  Trace Organics"�.  No special hazards or safety precautions are associated with clean sampling of trace organics.  Standard laboratory practices for safe handling of volatile organic solvents must be observed.  Personal safety during field sampling (e.g. life jackets, proper clothing, etc. (See Chapter 3)) on or near bodies of water is an important consideration.



13.7  PREPARATIONS FOR FIELD SAMPLING�tc  \l 2 "13.7  PREPARATIONS FOR FIELD SAMPLING"�.



13.7.1  Trace Metals�tc  \l 3 "13.7.1  Trace Metals"�.



13.7.1.1  Reagent Water�tc  \l 4 "13.7.1.1  Reagent Water"�.  Type III water should only be used for Tier 1 sampling and analysis which are not covered in this chapter.  Type II water (i.e. generally called distilled-deionized) is used for all cleaning in both Tier 2 and Tier 3 work except for the final rinse of equipment.  Type I water may be used for the final rinse of Tier 2 equipment and must be used for the final rinse of Tier 3 equipment.  If cleaned sampling equipment is stored full with water or dilute acid, then Type I water must be used.  Type I water is used for preparing standards and for all sample digestions and dilutions in Tier 2 and 3 work.  Type I water is also used to prepare all equipment blanks.  Also, a large carboy or other appropriate container filled with Type II water must be available in the field to collect field blanks.



	It is worth noting, that even Type I water has measurable concentrations of metals.  When doing Tier 3 work with MDL's in the low parts per trillion range (i.e. enhanced sensitivity techniques such as preconcentration), even the best Type I water may contribute a measurable laboratory method blank for some metals.



13.7.1.2  Reagent Chemicals�tc  \l 4 "13.7.1.2  Reagent Chemicals"�.  Four general grades of chemicals are commercially available for use in trace metals sampling and analysis:

Technical grade (highest metal levels, not discussed here)

Reagent grade

Trace metal grade 

Ultrapure grade 



	The maximum contaminant levels of reagents (i.e. primarily mineral acids such as nitric and hydrochloric) are shown in Table 13-4.  The use of the various grades of chemicals (i.e. mostly mineral acids) as a function of level of effort (tiers) is shown in Table 13-5.  Reagent grade chemicals have been shown to contain concentrations of metals that will interfere with the determination of trace metals at ambient water quality criteria levels.  As a result, trace metal grade and ultrapure grades are used almost exclusively.  For Tier 3 level work, with highly sensitive analytical techniques (e.g. preconcentration), chemicals (other than acids)  must undergo additional purification procedures to reduce the method blank to the lowest possible level.



Table 13-4 Maximum Containment Levels Allowed for Reagent Chemicals Used in Clean Sampling of Trace Metals

	Maximum Allowed Concentration (ppb)�����

Containment�	Reagent

	Grade�	Trace Metal

	Grade�	Ultrapure

	Grade��Iron

Sulfate

Potassium

Aluminum

Arsenic (and antimony as Arsenic)

All other metals (including Al, Ag, Be, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, Sn, Tl, V, Zn)

Silver

Beryllium

Cadmium

Chromium

Copper

Mercury

Nickel

Lead

Selenium

Tin

Thallium

Vanadium

Zinc�< 200.0

 1000.0

< 200.0



 10.0





< 200.0











�	5.0

	< 200.0

	< 20.0



	< 3.0

















	< 1.0

	< 1.0

	< 1.0

	1.0

	< 1.0

	< 0.5

	0.4

	< 0.4



	< 1.0

	< 20.0

	< 1.0

	< 1.0�	< 0.1  

	300.0  

	< 0.2  

	< 0.01 

	< 0.01 







 









	< 0.005

	< 0.005

	< 0.005

	< 0.005

	< 0.005

	< 0.1  

	< 0.005

	< 0.005

	< 0.01 

	< 0.005

	< 0.005

	< 0.002

	< 0.02 ���seq Figure  \* Arabic  \r0�0�

Table 13-5 Grades of Reagent Chemicals to Use as a Function of Tier (Level of Effort) and Activity
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	Tier�	Reagent

	Grade�Trace Metal
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13.7.1.3  Labware Cleaning�tc  \l 4 "13.7.1.3  Labware Cleaning"�.  Regardless of construction, all materials that will directly or indirectly contact the sample must be cleaned using these procedures.  All cleaning should be done in a designated cleaning area.  For Tier 2 sampling, the cleaning can be done in an isolated part of the laboratory set aside for that purpose.  For Tier 3 sampling, the minimum configuration is a clean bench in an isolated part of the laboratory.  Powderless vinyl gloves, a lintless lab coat and hat should be worn at all times.  Materials such as gloves, storage bags, and plastic wrap may be used new without additional cleaning unless the results of the equipment blanks pinpoint any of these materials as a source of contamination.  In this case, either an alternate supplier or pre-cleaning is required.  Serial numbers should be indelibly marked or etched on each piece of apparatus (including cartridge filters) so that contamination can be traced.  Logbooks should be maintained to track the sample from the container, through the sampling process, to shipment to the laboratory.  Chain-of-Custody (COC) procedures are also used to trace contamination to particular handling procedures or lab personnel.  The procedure for cleaning bottles, labware, sampling equipment including filters, etc., is described below.  Type II water and trace metal grade reagents should be used unless noted.



13.7.1.3.1  Tier 2 (Clean, Recommended Minimum)�tc  \l 5 "13.7.1.3.1  Tier 2 (Clean, Recommended Minimum)"�.

Wash inside and outside of equipment thoroughly in a 0.5% laboratory detergent solution.  Rinse thoroughly with Type II water.

Fill to the rim with 1:2 hydrochloric acid (HCl) (trace metal grade,) and cap.  Let soak at least 24 hours.  Rinse at least three times with Type II water.  A final rinse should be done with the ultrapure water (Type I) if available.  Bottles can be stored empty.  Acids should be discarded after 5-10 uses based on the level of metal accumulation.

For capsule filters, it is easiest to pump the acid and rinse solutions through the filter.  The filter must be rinsed thoroughly to remove any entrained acid.  The rinse water pH should be checked and the filter neutralized, if necessary, with ultrapure ammonium hydroxide.

 C-flex or silicone tubing should be filled with 10% HCl and allowed to soak for 24 hours before being rinsed several times with water.  Tubing should be formed into loops and the ends mated using small pieces of c-flex tubing.

All equipment should be double bagged in clear polyethylene bags or polyethylene film  for storage (in clean, closed coolers) and  shipment to the field with a batch/lot identification tag.  Storage time before use should be minimized.  



13.7.1.3.2  Tier 3 (Ultra-Clean)�tc  \l 5 "

13.7.1.3.2  Tier 3 (Ultra-Clean)"�.

Same as Tier 2 except all cleaning should be done in a class 100 clean bench or clean room and labware should soak at least 96-168 hours or be heated to 50-60 EC for 24 hours.

Equipment (except filters and tubing) should be soaked 96-168 hours in 1:1 trace metal grade nitric acid or be heated to 50-60 EC for 24 hours between the detergent and HCl steps.

Equipment should be air-dried in the clean room.

Sample containers should be stored full of 0.1% (v/v) ultrapure HCl/Type I water.



13.7.1.4  Equipment Blanks�tc  \l 4 "13.7.1.4  Equipment Blanks"�.  Prior to the use of any sampling equipment in the field, equipment blanks must be generated in the laboratory to demonstrate that the equipment is free from contamination.  Two types of equipment blanks are required:  bottle blanks and sampler check blanks.  Equipment blanks must be run on each type of equipment that will be used in the field.  If, for example, samples are to be collected using both a grab sampling device and the jar sampling device, then an equipment blank must be run on both pieces of equipment.  Equipment blanks are generated in the laboratory by processing Type I water through the equipment using the same procedures that are used in the field (i.e. "clean hands/dirty hands" technique (See Section 13-8)).  The equipment blanks must be analyzed using the appropriate analytical method.  If any metal(s) of interest or any potentially interfering substance is detected in the equipment blanks at the minimum level required by the study, the source of contamination/interference must be identified and removed.



13.7.1.4.1  Tier 2 (Clean)�tc  \l 5 "13.7.1.4.1  Tier 2 (Clean)"�.  One sample bottle from each cleaning batch should be filled with Type I reagent water and stored in the laboratory.  If field blanks collected in bottles from the same batch show signs of contamination, then the bottle blank can be preserved and analyzed like a normal sample to help pinpoint the source of contamination.  If the field blanks are free of contamination, there is no need to process the bottle blank further.



	Sampler check blanks are generated in the laboratory by processing reagent water (Type I) through the equipment in the same manner as in the field.  A sampler check blank should be performed on at least one representative piece of sampling equipment to be used in the field.  The sampler check blank should be stored and analyzed, if necessary, as described for the bottle blank.



13.7.1.4.2  Tier 3 (Ultra-Clean)�tc  \l 5 "

13.7.1.4.2  Tier 3 (Ultra-Clean)"�.  At least one sample bottle from each cleaning batch should be filled with Type I water and preserved as described in Section 13-9.  The bottle should stand for at least 24 hours.  Ideally, the bottles should stand for a time as close to the time the field samples will be stored in the bottles.  After standing, the acidified water should be analyzed for 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.   The bottles must be demonstrated to be free of the metals of interest before the equipment may be used in the field.  Significant lead time between cleaning and use of equipment will be needed to comply with this requirement.



	Sampler check blanks should be run on all equipment that will be used in the field.  The equipment must be demonstrated to be free of the metals of interest before the equipment may be used in the field.  If signs of contamination are found when the sampler check blanks are analyzed, each affected piece of equipment must be recleaned.



13.7.1.5.  Sampling Plan�tc  \l 4 "13.7.1.5.  Sampling Plan"�.  A written sampling plan should be prepared for every project involving clean metals prior to the performance of sampling.  The plan need not be elaborate but should serve to focus attention on the DQO's required for the project.  It is recognized that poorly planned sampling events compromise data quality.  Therefore, a sampling plan is considered essential since it requires planning measures to address specific contaminant concerns.  Furthermore, it outlines the goals of the sampling program in terms of acceptable blank concentrations.  The elements of a satisfactory sampling plan include:



Specific sampling methods to insure the necessary level of contamination control (clean or ultra-clean) is achieved

The type of sample to be collected, the amount of sample needed, and the devices to be used (grab, surface, or subsurface samplers). Sufficient sample volume should be collected to allow for necessary quality control analyses, such as matrix spike/matrix spike duplicate analyses

The number and type of equipment blanks, field blanks and other QA samples needed to meet project DQO's.  The collection of equipment blanks, field blanks, and field replicates is usually considered a minimum for clean sampling of trace metals.  It is also desirable to include blind QC samples as part of the program.

The acceptance/rejection criteria for the blank needed to meet project DQOs results as described in the QA/QC section.



	In cases where clean metals data are collected for regulatory decision-making, compliance, or enforcement purposes, the sampling plan should be submitted to the regulating authority for review and written approval.  Sampling should not be conducted until approval is received, and quality assurance objectives are agreed upon by both parties.



13.7.2  Trace Organics�tc  \l 3 "13.7.2  Trace Organics"�.



13.7.2.1.  Reagent Water�tc  \l 4 "13.7.2.1.  Reagent Water"�.  Reagent water used must be free of the trace organics of interest at or above the MDL for the analytical method used.  Consequently, the preparation of reagent water varies with the target analyte and MDL.  However, Type I water quality is generally not a problem.  Distilled water passed through an activated carbon filter is generally adequate for trace organics analysis.



13.7.2.2.  Reagent Chemicals�tc  \l 4 "13.7.2.2.  Reagent Chemicals"�.  Reagent grades of  mineral acids and other chemicals (e.g. sodium sulfate) are adequate for trace organics analysis.  Solvents should be pesticide grade and certified interference free.  Solid phases (e.g. alumina), adsorbents (e.g. silica gel), and related chemicals should be chromatographic or high purity grade.  Most analytical methods have specific procedures for cleaning these column related chemicals prior to analysis.



13.7.2.3  Labware Cleaning�tc  \l 4 "13.7.2.3  Labware Cleaning"�.  Required cleaning procedures vary as a function of the target analyte and specific methods should be consulted.  However, a general cleaning procedure for trace organics sampling includes:



Glassware should be rinsed with solvent and washed with a laboratory grade detergent solution as soon after use as is practical.  Sonication of glassware containing a detergent solution for approximately 30 seconds may aid in cleaning.  Glassware with removable parts, particularly separatory funnels with fluoropolymer stopcocks, must be disassembled prior to detergent washing.

After detergent washing, glassware should be rinsed immediately, first with methanol and then with hot tap water.  The tap water rinse is followed by another methanol rinse, then acetone and then methylene chloride.

Depending on the method, cleaned glassware should be combusted at 250-440 EC for 4 hours.  However, some methods do not recommend combusting as a routine part of the cleaning procedure because repeated baking may cause the glassware to irreversibly adsorb some target analytes.



	If filtration is required, a glass fiber filter (Gelman AE or equivalent) is recommended.  The filter should be combusted prior to use.



13.7.2.4  Equipment Blanks�tc  \l 4 "13.7.2.4  Equipment Blanks"�.  Equipment blanks are not required by most analytical methods.  A laboratory method blank is used as a check for contamination.



13.7.2.5  Sampling Plan�tc  \l 4 "13.7.2.5  Sampling Plan"�.  The comments provided in Section 13.7.1.5, for trace metals, also apply here.  The high level of blank samples required for trace metals (e.g. equipment and field) is felt to be unnecessary for the collection of contamination-free trace organics samples. 



13.8  FIELD SAMPLING PROCEDURES�tc  \l 2 "13.8  FIELD SAMPLING PROCEDURES"�.  Successful clean field sampling can be summarized in three points:



Site and sampling platform selection to minimize the availability of external contaminants

Use of clean equipment

Minimize exposure of the sample to the external environment



13.8.1  Trace Metals�tc  \l 3 "13.8.1  Trace Metals"�.  The descriptions below apply to both Tier 2 (clean) and Tier 3 (ultra-clean) levels of sampling efforts, except where Tier 3 only is indicated. 



13.8.1.1  Site Selection�tc  \l 4 "13.8.1.1  Site Selection"�.  Selection of a representative site for surface water sampling is based on many factors including:  study objectives, water use, point source discharges, nonpoint source discharges, tributaries, changes in stream characteristics, types of stream bed, stream depth, turbulence, and the presence of structures (bridges, dams, etc.).  When collecting samples to determine  ambient levels of trace metals, the presence of potential sources of metal contamination are of extreme importance in site selection.



	Ideally, the selected sampling site will exhibit a high degree of cross-sectional homogeneity.  It may be possible to use previously collected data to identify locations for samples that are well-mixed or are vertically or horizontally stratified.  Since mixing is principally governed by turbulence and water velocity, the selection of a site immediately downstream from a riffle area will ensure good vertical mixing.  Horizontal mixing occurs in constrictions in the channel.  In the absence of turbulent areas, the selection of a site that is clear of immediate point sources, such as industrial effluents, is preferred for the collection of ambient water samples.



	In order to minimize atmospheric trace metals contamination, ambient water samples should be collected from sites that are as far as possible (e.g., at least several hundred feet) from any metal supports, bridges, wires or poles.  Similarly, samples should be collected as far as possible from regularly or heavily traveled roads.  If it is not possible to avoid collection near roadways, it is advisable to study traffic patterns and plan sampling events during lowest traffic flow.  Whenever possible, the sampling activity should occur as far as possible from these sources of airborne contamination.  Areas where nearby soil is bare and subject to wind erosion should be avoided.



	The sampling activity should be planned to collect samples known or suspected to contain the lowest concentrations of trace metals first, finishing with the samples known or suspected to contain the highest concentrations.  For example, if samples are collected from a flowing river or stream near an industrial or municipal discharge, the upstream sample should be collected first, the downstream sample collected second, and the sample nearest the discharge collected last.  If this sequence cannot be observed, contamination from carryover (high sample followed by low sample) might occur.  When necessary, the sample collection system may be rinsed with dilute acid and Type II water between samples followed by collection of a field blank.



13.8.1.2  Field Contamination Control�tc  \l 4 "13.8.1.2  Field Contamination Control"�.  The apparatus should be clean when received by the sampling team.  If there are any indications that the apparatus is not clean (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.  Having backup apparatus is recommended to avoid these delays. 



	The apparatus that will contact samples or blanks should only be opened or exposed to the atmosphere during the period of sampling.  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, colorless zip-type bags. Apparatus that may not directly contact 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 subsequently transfer the contamination to the sample.  Therefore, it is imperative that every piece of the apparatus be properly stored when not in use.



	Significant contamination of the apparatus may result when untreated effluents, in-process waters, landfill leachates, and other samples containing mid-to high-level concentrations of inorganic substances are processed.  Clean sampling methods are not intended for application to these samples, and samples containing high concentrations of metals ($ 10 Fg/L) must not be collected, processed, or shipped at the same time as samples being collected for trace metals determinations.



	Sampling personnel must wear clean, non-talc gloves 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 gloves will allow the old pair to be quickly stripped with minimal disruption to the work activity.  Shoulder-length gloves are needed if samples are to be collected by direct submersion of the sample bottle into the water or when sampling for mercury (Tier 3 only).



	Only metal-free (e.g., fiberglass) boats should be used, along with wooden or fiberglass oars.  A flat-bottom, Boston Whaler type boat is preferred because sampling materials can be stored with reduced chance of tipping over.  Gasoline or diesel fueled boat motors should be avoided when possible because the exhaust can be a source of contamination.  If the body of water is so large as to necessitate the use of a boat motor, the engine should be shut off at a distance far enough from the sampling point as to avoid contamination, and the sampling team should manually propel the boat to the sampling point.  Samples should be collected upstream of boat movement.  Before first use, the boat should be cleaned and stored in an area that minimizes exposure to dust and atmospheric particles.  For example, cleaned boats should not be stored in an area that would allow exposure to automobile exhaust or industrial pollution.  The boat should be frequently visually inspected for possible contamination.  Immediately before use, the boat should be washed down with water from the sampling site away from any sampling points to remove any dust or dirt accumulation.  After sampling, the boat should be returned to the laboratory or cleaning facility, cleaned as necessary, and stored away from any sources of contamination until next use.



	Tier 3 sampling efforts require additional contamination control procedures.  A field-portable glove bag (e.g., I2R, Model R-37-37H, non-talc or  equivalent) should be used for all sample transfers. Alternately, a portable glove box may be constructed with a non-metallic (PVC pipe or other suitable material) frame and a frame cover made of an inexpensive, disposable, non-metallic material (e.g., a thin-walled polyethylene bag).  An unlined, long-sleeved wind suit (e.g., Tyvek7, Pamida, or equivalent) consisting of pants and jacket and constructed of nylon or other synthetic fiber should be worn when sampling for mercury to prevent mercury adsorbed onto cotton or other clothing materials from contaminating samples.   The wind suit is washed by itself or with other wind suits only in a home or commercial washing machine and dried in a clothes drier.  The clothes drier must be thoroughly vacuumed, including the lint filter, to remove all traces of lint prior to drying.  After drying, the wind suit is folded and stored in a clean, polyethylene bag for shipment to the sample site.



13.8.1.3  Sample Collection Procedures�tc  \l 4 "

13.8.1.3  Sample Collection Procedures"�.  Sampling personnel should ideally approach the collection site from down current and downwind in order to prevent contamination of the sample by particles sloughing off the boat or equipment.  If it is not possible to approach from both, the site should be approached from down current if sampling from a boat or approached from downwind if sampling on foot.  When sampling from a boat, the bow of the boat should be oriented into the current (the boat will be pointed upstream).  All sampling activity should occur from the bow.



	If the samples are being collected from a boat, sampling personnel should create a stable workstation by arranging the cooler or shipping container as a work table on the upwind side of the boat.  This work table and the upwind gunnel should be covered with plastic wrap or a plastic tablecloth.  If necessary, duct tape should be used to hold the wrap or cloth in place.



	All operations involving contact with the sample bottle and with transfer of the sample from the sample collection device to the sample bottle (if the sample is not directly collected in the bottle) are handled by the individual designated as "clean hands".  "Dirty hands" is responsible for all activities that do not involve direct contact with the sample.  Initially, this appears to be a fairly clear-cut and separate division of responsibilities.  In fact, the completion of the entire protocol may require a good deal of coordination and practice (e.g., "dirty hands" must open the box or cooler containing the sample bottle and unzip the outer bag; "clean hands" must reach into the outer bag, open the inner bag, remove the bottle, collect the sample, replace the bottle lid, put the bottle back into the inner bag, and zip the inner bag. "Dirty hands" must close the outer bag and place it in a cooler).  To minimize unnecessary confusion, a third person should be available to complete the necessary sample documentation (e.g., to document sampling location, time, sample number, etc). Otherwise, the sample documentation activity must be performed by "dirty hands".



	Extreme care must be taken during all sampling operations to minimize exposure of the sample to human, atmospheric, and other sources of contamination.  Care must be taken to avoid breathing directly on the sample.  Whenever possible, the sample bottle should be opened, filled, and closed while submerged.



	If the sample is to be analyzed for dissolved metals, it should be filtered as described in Sections 13.8.1.7 and 13.8.1.8.  After each sample is collected, the sample number is documented in the sampling log, and any unusual observations concerning the sample and the sampling are documented.



13.8.1.4  Manual Grab Sampling�tc  \l 4 "13.8.1.4  Manual Grab Sampling"�.  Collecting samples directly into the sample container is the simplest procedure.  This procedure has the least potential for contamination because it requires the least amount of equipment and handling.



At the site, all sampling personnel must put on clean gloves prior to commencing sample collection activity, with "clean hands" donning shoulder-length gloves.  If samples are to be analyzed for mercury, sampling personnel must also put their pre-cleaned windsuits on at this time (Tier 3 only).  Note that "clean hands" should put on the shoulder-length polyethylene gloves and both "clean hands" and "dirty hands" should put on the PVC gloves. "

Dirty hands" must open the cooler or storage container, remove the double bagged sample bottle from storage, and unzip the outer bag.   Next, "clean hands" opens the inside bag containing the sample bottle, removes the bottle, and reseals the inside bag.  "Dirty hands" then reseals the outer bag.



 “Clean hands” unscrews the cap and, while holding the cap upside down, discards the dilute acid solution from the bottle into a carboy for wastes.  “Clean hands” screws the cap on the bottle, shakes the bottle several times, and empties the rinsate away from the site.  After two more rinsings, “clean hands” holds the bottle under water and allows it to fill with sample.  After the bottle has filled (i.e., when no more bubbles appear), and while the bottle is still inverted so that the mouth of the bottle is still underwater, “clean hands” replaces the cap of the bottle.  In this way, the sample has never contacted the air.

Once the bottle lid has been replaced, "dirty hands" re-opens the outer plastic bag, and "clean hands" opens the inside bag, places the bottle inside it, and zips the inner bag.  "Dirty hands" zips the outer bag.



13.8.1.5  Grab Sampling Device�tc  \l 4 "13.8.1.5  Grab Sampling Device"�.  The following steps detail sample collection using the grab sampling device shown in Figure 13-2.  The procedure is indicative of the "clean hands"/"dirty hands" technique that must be used with alternative grab sampling devices such as that shown in Figure 13-3.
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Figure 13-2 Grab Sampling Device





Sampling personnel put on gloves (and windsuits, if applicable) and handle bottles as with manual collection (See Section 13.8.1.4).

"Dirty hands" removes the sampling device from its storage container and opens the outer polyethylene bag.  "Clean hands" opens the inside polyethylene bag and removes the sampling device.  Ideally, a sample bottle will have been pre-attached to the sampling device in the class 100 clean room at the laboratory.  If it is necessary to attach a bottle to the device in the field "clean hands" performs this operation inside the field-portable glove bag (Tier 3 only).
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Figure 13-3 Grab Sampling Device

"Clean hands" changes gloves.  "Dirty hands" submerges the sampling device to the desired depth and pulls the fluoropolymer pull-cord to bring the seal plate into the middle position so that water can enter the bottle.  When the bottle is full (i.e., when no more bubbles appear), "dirty hands" pulls the fluoropolymer cord to the final stop position to seal off the sample and removes the sampling device from the water.

"Dirty hands" returns the sampling device to its large inner plastic bag, "clean hands" pulls the bottle out of the collar, unscrews the bottle from the sealing device, and caps the bottle.  "Clean hands" and "dirty hands" then return the bottle to its double-bagged storage as described in Section 13.8.1.4.

"Clean hands" removes the closing mechanism from the body of the grab sampler, rinses the device with reagent water , places it inside a new clean plastic bag, zips the bag, and places the bag inside an outer bag held by "dirty hands".  "Dirty hands" zips the outer bag and places the double bagged closing mechanism in the equipment storage box. 

"Clean hands" seals the large inside bag containing the collar, pole, and cord and places the bag into a large outer bag held by "dirty hands".  "Dirty hands" seals the outside bag and places the double bagged sampling device into the equipment storage box.





13.8.1.6  Depth Sampling Device�tc  \l 4 "13.8.1.6  Depth Sampling Device"�.  The following steps detail depth sampling using a jar sampling device (See Figure 13-4).
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Figure 13-4 Jar Sampling Device

Sampling personnel put on gloves (and windsuits, if applicable) and handle bottles as with manual collection (See Section 13.8.1.4).

“Dirty hands" removes the jar sampling device from its storage container and opens the outer polyethylene bag.  "Clean hands" opens the inside polyethylene bag and removes the jar sampling apparatus.  Ideally, the sampling device will have been pre-assembled in a class 100 clean room at the laboratory.  If, however, it is necessary to assemble the device in the field, then "clean hands" must perform this operation inside a field-portable glove bag (Tier 3 only).

While "dirty hands" is holding the jar sampling apparatus, "clean hands" connects the pump to the 1/4-inch OD flush line.  Dirty hands" lowers the weighted sampler to the desired depth.  "Dirty hands" turns on the pump allowing a large volume (>2 liters) of water to pass through the system. 

After stopping the pump, "dirty hands" pulls up the line, tubing, and device and places them into either a field-portable glove bag or a large, clean plastic bag as they emerge.  Both "clean hands" and "dirty hands" change gloves. Sampling personnel remove a sample bottle from storage, and "clean hands" places the bottle into the glove bag.  "Clean hands" tips the sampling jar and dispenses the sample through the short length of fluoropolymer tubing into the sample bottle.  Once the bottle is filled, "clean hands" replaces the cap of the bottle, returns the bottle to the inside polyethylene bag, and zips the bag.  "Clean hands" returns the zipped bag to the outside polyethylene bag held by "dirty hands".  "Dirty hands" zips the outside bag.



13.8.1.7  Continuous Pump Sampling�tc  \l 4 "13.8.1.7  Continuous Pump Sampling"�.  Next to manual grab sampling, continuous-flow sampling, using a submersible or peristaltic pump, is the sampling method least susceptible to contamination.  The continuous-flow sampling system uses a peristaltic pump to pump sample to the boat or to shore through the SEBS-resin or PTFE tubing.  The same set of precleaned pump tubing may be used to collect samples at more than one site if one is able to sample from low concentration to high concentration sites (See Section 13.8.1.1).  A new set of precleaned pump tubing is needed for each different site sampled (Tier 3 only).



Prior to putting on wind suits or gloves, sampling personnel remove the bags containing the pump, SEBS-resin or FEP tubing, batteries, plastic wrap, wind suits, and, if samples are to be filtered, the filtration apparatus from the coolers or storage containers in which they are packed.

"Clean hands" and "dirty hands" put on the wind suits (Tier 3 only) and PVC gloves. "Dirty hands" removes the pump from its storage bag, and opens the bag containing the SEBS-resin or FEP tubing.  "Clean hands" installs the tubing while "dirty hands" holds the pump.  "Clean hands" immerses the inlet end of the tubing in the sample stream.

Both "clean hands" and "dirty hands" change gloves.  "Clean hands" also puts on shoulder length polyethylene gloves.  "Dirty hands" turns the pump on and allows the pump to run for 5 - 10 minutes or longer to purge the pump and tubing.

If the sample is to be filtered, "clean hands" installs the filter at the end of the tubing, and "dirty hands" sets up the filter holder on the gunwhale.  The filtration apparatus should not be attached until immediately prior to sampling to prevent buildup of particulates from clogging the filter.

The sample is collected by rinsing the sample bottle and cap three times and collecting the sample from the flowing stream.



13.8.1.8  Sample Filtration�tc  \l 4 "13.8.1.8  Sample Filtration"�.  Filtration for dissolved trace metals must be done in the field as soon after the sample is collected as possible.  Cartridge-type 0.45 :m  tortuous path filters are recommended (Gelman 12175 Supor or equivalent).  Filters cannot be re-used because of the risk of contamination from trapped particles and the risk of changes in the filtration characteristics due to particle loading.  Also, the difficulty and risk associated with failing to properly clean these devices far outweighs the cost of purchasing new equipment. The filtration procedure described below is used for samples collected using the manual (See Section 13.8.1.4), grab (See Section 13.8.1.5), or jar (See Section 13.8.1.6) collection systems.  In-line filtration using the continuous-flow approach has already been described in Section 13.8.1.7.  Because of the risk of contamination, it is recommended that samples for mercury be shipped unfiltered via overnight courier and filtered upon receipt at the laboratory (Tier 3 only).



Set up the filtration system inside the glove bag (Tier 3 only), using the shortest piece of pump tubing as is practical.  Place the peristaltic pump immediately outside of the glove bag and poke a small hole in the glove bag for passage of the tubing.  Also, attach a short length of tubing to the outlet of the capsule filter.

"Clean hands" removes the water sample from the inner storage bag using the technique described in Section 13.8.1.4 and places the sample inside the glove bag.  "Clean hands" also places two clean empty sample bottles, a bottle containing reagent water, and a bottle for waste in the glove bag.

"Clean hands" removes the lid of the reagent water bottle and places the end of the pump tubing in the bottle.  "Dirty hands" starts the pump and passes approximately 200 mL of Type II water through the tubing and filter into the waste bottle. "Clean hands" then moves the outlet tubing to a clean bottle and collects the remaining reagent water as a blank.  "Dirty hands" stops the pump.

Clean hands" removes the lid of the sample bottle and places the intake end of the tubing in the bottle.  "Dirty hands" starts the pump and passes approximately 50 mL through the tubing and filter into the remaining clean sample bottle and then stops the pump.  "Clean hands" uses the filtrate to rinse the bottle, discards the waste sample, and returns the outlet tube to the sample bottle.

"Dirty hands" starts the pump and the remaining sample is processed through the filter and collected in the sample bottle.  "Clean hands" replaces the lid on the bottle, returns the bottle to the inside bag, and zips the bag.  "Clean hands" then places the zipped bag into the outer bag held by "dirty hands."

"Dirty hands" zips the outer bag, and places the double bagged sample bottle into a clean, ice-filled cooler for immediate shipment to the laboratory.



13.8.1.9  Field QA Samples�tc  \l 4 "13.8.1.9  Field QA Samples"�.



13.8.1.9.1  Field Blanks�tc  \l 5 "13.8.1.9.1  Field Blanks"�.  Field blanks are the most important single QC sample associated with clean sampling of trace metals.  They are used to demonstrate that sample contamination has not occurred during field sampling and processing.  At least one (1) total recoverable (no filter) field blank must be generated for every ten (10) samples that are collected at a given site.  Field blanks are collected prior to sample collection.  A separate (second) field blank should be collected using a filter cartridge if dissolved samples are also being collected.



	Field blanks are generated by filling a large carboy or other appropriate container with Type II water in the laboratory, transporting the filled container to the sampling site, processing the water through each of the sample processing steps and equipment (e.g., tubing, sampling devices, filters, etc.) that will be used in the field, collecting the field blank in one of the sample bottles, and handling the bottle in the same manner as a normal, unknown field sample.  



13.8.1.9.2  Field Duplicates�tc  \l 5 "13.8.1.9.2  Field Duplicates"�.  In order to assess the precision of the field sampling and analytical processes, at least one (1) total recoverable field duplicate sample must be collected for every ten (10) samples that are collected at a given site.  A separate (second) field duplicate should be collected if dissolved (filtered) samples are also being collected.  The field duplicate is collected either by splitting a larger volume into two aliquots in the glove box, by using a sampler with duel inlets that allows simultaneous collection of two samples, or by collecting two samples in rapid succession.



13.8.2  Trace Organics�tc  \l 3 "13.8.2  Trace Organics"�.



13.8.2.1  Site Selection�tc  \l 4 "13.8.2.1  Site Selection"�.  The considerations discussed in Section 13.8.1.1 also apply to the clean sampling of trace organics.  Probably the most important consideration is to collect trace organics samples as far as possible from regularly or heavily traveled roads or parking lots.



13.8.2.2  Field Contamination Control�tc  \l 4 "13.8.2.2  Field Contamination Control"�.  Although the possibility of contamination is less for trace organics, many of the considerations discussed in Section 13.8.1.2 also apply here.  All sampling equipment should be clean and properly stored until used.  If there is any doubt about the cleanliness of any piece of sampling equipment it should not be used.  Exposure of sampling equipment to the atmosphere and surrounding environment should be minimized.  Considering wind direction when sampling is especially important when sampling from a motorized boat.  Exhaust fumes represent a significant source of potential contamination. 

 

13.8.2.3  Sample Collection Procedures�tc  \l 4 "

13.8.2.3  Sample Collection Procedures"�.  The "clean hands"/"dirty hands" approach is not required for clean sampling of trace organics.  However, a well coordinated sampling effort will minimize mistakes.   Also, vinyl gloves should not be worn.  Manual grab sampling is the preferred method of sampling for surface waters.  The manual grab method described for trace metals (See Section 13.8.1.4) can be used to collect trace organics except that the sample bottle is not pre-rinsed with the water to be sampled prior to collecting the final sample.  Sample documentation requirements are obviously the same for trace organics sampling.  Aqueous trace organics samples should be kept in the dark and cooled to 0-4 EC as soon as possible after collection.  If possible, they should be stored on ice immediately after collection until they can be refrigerated.



13.8.2.4  Continuous Pump Sampling�tc  \l 4 "13.8.2.4  Continuous Pump Sampling"�.  This approach should be used to collect trace organics samples at depth.  Only fluoropolymer or glass tubing should be used.  Except for the two-hands approach and pre-rinsing the sample bottle, the trace metals procedure (See Section 13.8.1.7) can be used here.



13.8.2.5  Sample Filtration�tc  \l 4 "13.8.2.5  Sample Filtration"�.  Filtration of trace organics is not commonly done and should not be done in the field.  Cartridge type filters used for trace metal samples cannot be used for trace organics samples.  If filtration is necessary, it should be done after the samples are returned to the laboratory and combusted glass fiber filters as described in Section 13.7.2.3 should be used.



13.8.2.6  Field QA Samples�tc  \l 4 "13.8.2.6  Field QA Samples"�.  No field QA sample is specifically required by trace organic analytical methods.  However, for low detection level work (i.e. less than 1 ppb), it is recommended that at least one field (trip) blank be collected.  An aliquot of reagent water is placed in a precleaned, glass sample container in the laboratory (trip blank), or in the field (field blank), 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.  The purpose of the field blank is to determine if the field or sample transporting procedures and environments have contaminated the sample.



13.9  POST-SAMPLING PROCEDURES�tc  \l 2 "

13.9  POST-SAMPLING PROCEDURES"�.  These procedures (i.e. preservation and storage) stabilize the field samples until they can be analyzed.

13.9.1  Trace Metals�tc  \l 3 "13.9.1  Trace Metals"�.  Field preservation is not necessary for dissolved metals, except for trivalent and hexavalent chromium, provided that the sample is preserved in the laboratory and allowed to stand for at least two days in order to allow the metals adsorbed to the container walls to redissolve.  Field preservation is advised for hexavalent chromium in order to provide sample stability for up to 30 days.  Mercury samples should be shipped via overnight courier and preserved upon receipt at the laboratory.



	If field preservation is required, preservation must be performed in the glove bag or in a designated clean area, with gloved hands, as rapidly as possible to preclude particulates from contaminating the sample.  For preservation of trivalent chromium, the glove bag or designated clean area must be large enough to accommodate the vacuum filtration apparatus, and an area should be available for setting up the wrist-action shaker.  It is also advisable to set up a work area that contains a "clean" cooler for storage of clean equipment, a "dirty" cooler for storage of "dirty" equipment, and a third cooler to store samples for shipment to the laboratory.  Preservation of aliquots for metals other than trivalent and hexavalent chromium:  Using a disposable, pre-cleaned, plastic pipette, add 5 mL of a 10 percent solution of ultra-pure nitric acid reagent water per liter of sample.  This will be sufficient to preserve a neutral sample to pH <2.  Preservation can be done with care in the open laboratory (Tier 2) or in a clean bench or clean room (Tier 3).  Trace metal samples should be stored in double plastic bags until processed for analysis.



13.9.2  Trace Organics�tc  \l 3 "13.9.2  Trace Organics"�.  Aqueous trace organics samples should be maintained at 0-4 EC in the dark from the time of collection until extraction.  Preservation of the sample varies with the target analyte and the analytical method to be used should be consulted.  Preservation can involve adding acids or solvents such as methylene chloride.



13.10  SAMPLING EQUIPMENT LIST�tc  \l 2 "

13.10  SAMPLING EQUIPMENT LIST"�.  Chapter 4, Section 4.8 provides a generic sampling equipment list applicable to most sampling events.  The following list provides additional specific equipment applicable to Clean Sampling.



Safety Equipment, as required

Tier 2 Clean Sampling equipment and Lab facilities and equipment

Tier 3 Clean Sampling equipment and Lab facilities and equipment

Reagent Water, Type I, II or III as defined by the FSP�Chemical Reagents of the Grade and Quality defined in the SAP

Equipment cleaning and handling procedures consistent with SAP

Contamination control equipment and procedures consistent with SAP

Grab Sampling Device

Depth Sampling Device

Jar Sampling Device

Submersible or peristaltic pump for Continuous Sampling

Sample Filtration equipment

Cartridge-type 0.45 Fm  tortuous path filters

Field Blanks

Equipment Blanks
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