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1. Scope

1.1 This guide cove : : —Fhe scope is
hmitedte sampling equipment and procedures and “in the field” preservatlon and it does not include well Iocatlon depth, well
development, design and construction, screening, or analytical procedures that also have a significant bearing on sampling
results.This guide is intended to assist a knowledgeable professional in the selection of equipment for obtaining representative
samples from ground-water monitoring wells that are compatible with the formations being sampled, the site hydrogeology, and
the end use of the data.

1.2 This guide is only intended to provide a review of many of the most commonly used metheds—for samp collecting
ground-water quality samples from monitoring wells and is not intended to serve as a ground-water monitoring plan for any
specific application. Because of the large and ever increasing number of options available, no single guide can be viewed as
comprehensive. The practitioner must make every effort to ensure that the methods used, whether or not they are addressed in thit
guide, are adequate to satisfy the monitoring objectives at each site.

I 1.3 The values stated in Sl units are to be regarded as standard. The values given in parentheses are provided for informatior

only.
1.4 This standard does not purport to address all of the safety problems, if any, associated with its use. It is the responsibility

of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Summary-of-Guide

2-1—The-equipment-and-procedures-usedReferenced Documents

2.1 ASTM Standards:

D 4750 Test Method fe&s&mp{mq Determrnrnq Subsurface quurd LeveIs—rH—a—mePrrteHng—we#depeﬁd—en—m&ny—faeters These
i pecies of
QeCIeS, Borehole or trace
h stage of the
hing, sample

5 Hmay v 2ol O ontact with the
e i e e e groundwate
be-moni ie v i a g sampling
e-sampli i : i devi ‘ 3 i structed

employ a
- d not expose
entatner or flow cel

The botdface numbers M parentheses Teferto a list
I 2 Annual Book of-references-at-the-end-ef-this-guide. ASTM Standésti§4.08.
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dent on th
of analytic

mteFest—deeFeases—the—weFk—andﬂsteeauﬂeﬁs—Heeessary Fleld Equmment Used at Nonradloactlve Waste Sltes

D 5792 Practice fo v y ed ahead Generation
timeTorexample, Enwronmental Data Related—te—prepare—ew*rpment—fe&samptmg—feer@l:ﬁpﬁm) Ievels Waste Managemen
Activities: Development 6 eparing to
sample Data Quality Objectivés

D 5903 Guide forpgiAppbHevels-of Planning and Preparing-a-trace-organiclike-benzene-The-specifie precautionsto be take
inpreparing-to-sample Ground-Water Sampling E¢ent

D 6089 Guide fortrace-organics—are—differentfrom-those-to-be-taken—n—sampling Documenting a Ground-Water Sampling

Event

D 6452 Guide fo
Wells Used for Ground- Wampter Quﬂy Investhatlﬂ)ns

D 6517 Gmde for Field Preservatlon—ef—tFaee—efgames—A—sheFt—gtﬂdaﬁee—manual Ground Water Samples

available Purging Methods for

the—.ﬁeerTEPA Standards:
EPA Method 9020A

EPA Method 9022

3. STerminology

3.1 Definitions:

3.1.1 low-flow samplichg—a ground water sampling technique where the purge-and Use

3-1—The-guality sampling rates do not result in significant changes in formation seepage velocity.

3.1.2 minimal purge sampling-the collection of-greundwater-has—beeeme—an-issue ground water that is representative of
ﬂatreﬁal—eeﬁeem.—efeuﬂdwateememteﬁﬁg—weﬂs—a*e—ene ot—the—mefe—mepeftaﬁt—teels—feeevaluat|nq formation by purging only the
gaality volume o ablishing water contained-by-the-integrity-ef-hazardou

mateﬁat—managefﬂeﬁt—FaeHItre

32—TFhe-goalHn sampling-groundwatermonitoring-wells equipment (that is, tubing, pump bladder).

3.1.2.1 Discussior—This sampling method should be considered in situations where very low yield is a consideration and
results from this sampling method should be scrutinizeg-te-ebtain-samples confirm-that-are-truly-representative-ef-the aquifer o
groundwater-in-guestion—This—guide-discusses-the-advantages they meet data quality objectives (DQOs)ane-disadvantages

work plan objectives.

3.1.3 passive sampling-the collection ofv Py
reviews ground-water guality data so as to mduce no hydraullc stress on the aqwfer

3.1.4 water quality indicator parametersrefer to field monitoring parameters that include but are not limiteg-te-be-censidered
n-developing-a-vatid-sampling-plan. pH, specific conductance, dissolved oxygen, oxidation-reduction potential, temperature, an
turbidity that are used to monitor the completeness of purging.

4 -Flushing{ .
41 Waterthat-stanrds-withinSummary of Guide

4.1 The equipment and procedures used for sampling a monitoring-well-fer-a-oeng period depend on many factors. Thes

mclude but are not I|m|ted to: the de5|qn and constructleﬁ—ef—trme—may—beeeme—bmfepfesentatwe the wel—rate-efformation wate

ity-alterations ground-water flew-and-evenifitis-unchanged frol

the—Hme—rt—theFed—the—weH—the—stefed-water chemlcal speC|es of interest. Sampling procedures may notbe r diffeprent if analyse

for trace organics, volatiles, oxidizable species, or trace metals are needed. Thivs guide considers-all-ef-formation water thes

factors by discussing equipment and procedure options-atthe time each stage-ofsampling;-or-both. Because-therepresentativer
sampling sequence. For ease-of-stered-wateris-guestionable—it-should organization, the sampling process-ean-be-excluded fra

samples-colleeted-from-a-monitoring-well.

Svitom s a trademark
3 Annual Book o

— ke SO & is-purpose. ASTM ,Stahdard4.
4 Annual Book of ASTM Standarddol 04. 09
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4-2—Fhe-surest-way divided into three steps: well purging, sample withdrawal, and field preparatien—ef-aceemplishing this

objective-is-toremove-all-stored-waterfrom samples. Certain sampling protocols eliminate-the casing first step.
4.2 The sampling must be well planned and all sample containers must be prepared-prierto-sampling—Research-with a tracer

afull-seale-moedel 2-in—PVC-welbndicates-that-pumping 5 going-te-10-times-the-velume of field. These procedures should
be incorporated in the-welhvia-anintetrear approved work plan that should accompany-the-free-water-surface-s sufficient sampling
crew so that they may refer to it for guidance on sampling procedures and analytes to be sampled (see Guide D 5903).

4.3 Monitoring wells must be either purged to remeve-alt-the-stored stagnant waterin-the-easing—Fhe-velume of-the well may
casing or steps must be-caletlated takento-inrclude ensure that only water meeting-the-well screen DQOs-and-any-gravel pack if
naturat-flow-through-these the work plan objectives-is-deemed-insufficientto-keep-them-flushed out.

4-3—n-deep-ortarge-diameterwells-having withdrawn during sampling (see Practice D 5792). When well purging is performed,
itis accomplished by either removing-a-vetume predetermined numberefwaterse-targe-as to make well volumes or by the removal
of ground water until stable water quality parameters have been obtained. Ideally this purging is performed with minimal well
drawdown and minimal mixing of the formation waterimpracticalitmay-be-feasible with the stagnant water above the screened
interval in the casing. Passive sampling and the minimal purge methods do not attemptte-dowerapump-orpump-inlet to some
peint-well-belew purge the watersurface, present in the monitoring well prior to samdjifgThe minimal purge method
attempts to purge only the-velume-below sampling equipment. Each of these methods is discussed in greater detail in Section 6.

4.4 The types of chemrcal specres Heat—pemt—then—w&hdraw are to be sampled as well-as-the-sample—from—a—deeper level.

s ed water reporting limits are prime factors
for selectrnq samphnq dewce{é—é—?—)g )—S The sampllnq devrce and aII matenals and devrces the-casing-abeve-the-purge

Hae—paeker contacts must be—abeve—the—tep construc edet—the—sereened—zone matenals that WI|| not introduce contamlnants
or-staghant-water-from-abeve alter the-p analytes of ekoncern in any way. Material compatibility is further discussed in
Section 8.

4.5 The method of sample €owllection can vary-witoh-the-purged-zene-through parameters of interest. The ideal sampling
scheme employs a completely inert material, does not subjeetthe-well’s-gravelfsand pack.

441ndow-yielding-wells, sample to pressure change, does not expose-the-onlty-practical way sample-to-remeve-all standing
watermay-be the atmosphere, or any other gaseous atmosphere before conveying-t to empty the sample container or flow cell for
on-site argalysis. Sinee i these ideals are not always—pessibletoremove-all-water, it may obtainable, compromises must be
atvisabletotet made by the knowledgeable individual designing the sampling program. These-eovncer (rns-should bef documented
in the data quality objectives (DQOSs) of the sampling plan (see Practice D $%p2)

4.6 The degree and-empty-itagain-atieastenceintroduction type-ef-exygen effort and care that goes into a sampling program
is always dependent on the-aguifermay be chemicals-efconeernitwonld-be-bestnotte-uncover concern and their reporting levels
as documented in the-sereen-whenperferming project’s DQOs. As-the-aboveprocedures—he-main-disadvantage reporting level
of-methods-desighedtoremove all the chemical species of analytical interest decreases;-the-stored-wateris-thattarge-volumes ma;
needto precautions necessary for sampling generally increase. Therefore, the sampling objective must-etearly-be pumped definec
ahead of time in—certain-instances—THhe-main-advantage-s that the DQOs. The specific precautiens to ben taken in preparing to

sample for-eontamination-of-samples-with-stored-water-is-minimized.
4-5-Anether-approach trace organics are different from those to be taken in sampling for trace metals. A draft U.S. EPA guidance

document(5) concerning monitoring welt f sampling, including censhiderations for trace organics, is available to-m pronvide
additional guidance.
4.7 Care must be taken not to contaminate samples-er+nore-indicator-parameters—such-as—pH,—temperature—or-conductivity
monltorlnq wells. AII samples sampllnq dewces and—eenﬁder—t-he—well to containers must-be-flushed-when-the-indicator(s) no
5 be done protecte protected—frem—any—teeatren—wrtmn—t-he—eaﬁng and the
ve+ume pos3|ble sources-6 i water-that must contamination when not
in use. Water level measurements should—be—pumped—ebwously, made accordlnq to Test Method D 4750 before placing, purging,
or sampling equipment ir-atew-yielding-well, the well m. Redox potential, turbidity, pH, specific conductance, DO (dissolved
oxyqen) and temperature measurements should aH—be—empﬂed before performed—en—the—parameters—stabﬂ&e—A—ﬁsadvantage (o
possible, since these parameters
v av may chanqe too rapidly to be
pu#ed—rnte—the—sereen—eau&ng conducte y i gitable indicato
parameter-and-means fixed laboratory under most cwcumstances F|eld meter(s) or sondes equped Wlth ﬂow through cells are
available that are capable of continuously monitoring these parameters during purging if they are being used as water quality
|nd|cator parameters These dewces prevent—the—ﬁetd—must—be—avanable
Arelew wledge mixing of oxygen with-the-wel-hydraulics to

pred+et—the—pefeeﬁtage—ef—stefed-water—entennq sample and prevrde—a—pump—rmet—near the top means-of the-sereen-atany time afte
flushing-begins—Samples-aretaken determining whenthe-percentage-is-aceeptably-tow-As-before; the-advantage is parameters hay

> The boldface numbers in parentheses refer to a list of references at the end of this guide.
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stabrhzed Certaln measurements fhat—wel%—vertmﬂﬁs—ﬁe—dﬁeet—e#eet—m—the—duratron are used as mdreaters—ef—ptmepmg A currer
A ’ ; W water due

E*eesswe—érawdewn—ms{eﬁﬁhe—nafural—ﬂewp&&ems—&reund—a weII broloqrcal actrvrty, such as ferrous iron, nitrite;-and-can caus

contaminants-thatwere-notpresentoriginaly to sulfite, may alse-be-grawn into conducted-in the w field since they rapidly oxidize.
All temperature measurements must be done prior to any significant atmospheric exposure.

5. MaterialsSignificance and-Manufacture Use

5.1 The-eheiee quality of ground water has become an issue of national concern. Ground-water monitoring wells are one of th
more important tools for evaluating the quality of ground water, delineating contamination plumes, and establishing the integrity
of hazardous material management facilities.

5.2 The goal in sampling ground-water monitoring wells is to obtain samples that meetthe-eenstruction DQOs. This guide
discusses the advantages and disadvantages of various well sampling methods, equipment, and sample preservation technique
reviews theue variables that need te-be-based-upon considered in develeping-a—knowledge valid sampling plan.

6. Well Purging

6.1 Water that stands within a monitoring well for a long periog-ef-what-eempounds time may become unrepresentative of
formation water because chemical or biochemical change may alter water quality or because the formation water quality ma:
change over time (see Guide D 6452). Even if it is unchanged from the time it entered the well, the stagnant water may not be
representative of formation water at the time of sampling. There are two approaches to purging that reflect two differing
viewpoints: to purge a large volume of ground water and to purge a minimum of, or no ground water before collecting a sample.
The approach most often applied is to purge a sufficient volume of standing water from the casing, along with sufficient formation
water to ensure that the water being withdrawn at the time of sampling is representative of the formation water. Typically, three
to five well volumes are used. An alternative method that is gaining acceptance is to minimize purging and to conduct purging a
a low flow rate or to eliminate purging entirely.

6.2 In any purging approach, a withdrawal rate that minimizes drawdown while satisfying time constraints should be used.
Excessive drawdown distorts the natural flow patteras amround the well. Two potential negative effects are the introduction of
ground water that is not representative of water quality immediately around the monitoring well and atrtificially high velocities
entering the well resulting in elevated turbidity and analytical data that reflects the absorption of contaminants to physical particles
rather than soluble concentrations in ground water. It-may-interact-viateaching,adsorption,-or-catatysis—tn-soeme-sitaations, PV(
er-some-otherplastic also result in cascading water from the top of the screen that can result in changes in dissolved gasses, rec
state, and ultimately affect the concentration of the analytes of interest through the oxidation of dissolved metals and possible los
of volatile organic compounds (VOCs). There may alse-be-sufficient. a lingering effect on the dissolved gas levels and redox stat
from air being introduced and trapped in the sandpack—n-ethers;-an-all-glass-apparatus may no instance shat-a-wel-be necesse

52-Mest-analytical-protecols-suggest-that purged dry. If available, the field notes or purge logs generated during previcou:
sampling or development of the well as well as construction logs should be reviewed to assist in the selection of the mos

appropriate sampling-ane-stering-samples—for-trace-oerganics-analysis{pgfievels) must method.

6.3 The most often applied purging method has an objective to remove a predetermined volume of stagnant water from th
casing prior to sampling. The volume of stagnant water can eitherbe-eenstructed defined as the velume of glass water containe
within the casing and screen-erFH-E—fluerocarbon+esin-orbeoth-—-One-suggestion-advanced by to inelude the EPA well screen ar
any gravel pack if natural flow through these is deemed insufficient to keep them flushed out. Research with a tracer in a full scal
model 2-in. polyvinyl chloride (PVC) well6) indicates that pumping 5 to 10 times the-menitering volume of the-well be
constructed-so-that-enty-THE—fluorecarben-tubing-be-used via an inlet near the free water surface is sufficient to remove all the

stagnant water in the €atsing. This approach (with three to five casing volumes purged) was suggested by the (@)S. EPA

6.4 In deep or large diameter wells having a volume of water so large as to make removal of all the water impractical, it may
be feasible to lower a pump or pump inlet to some poingt well below the water surface, purge only the volume belew-that extends
point then withdraw the sample from-afew-feet deeper level. Research indicates this approach should avoid most contaminatic
associated with stagnant wat@, 8). Sealing the casing above the purge point with a packer may make this approach more
dependable by preventing migration of stagnant watertable to from above. But the packer must be abeve the tomp of the screen
zone, or stagnant water from above the packer may flow into the purged zone through the well's gravel/sand pack.

6.5 An alternate method is based on research by Barcelona, Wehrmann, and {Z#lj€l) and Puls and Powell (2)A. Their
research suggests that purging at rates less than 1 L/min (approximately 0.25 gal/min) provides more reproducible VOCs
and metals analytical results than purging at high rates. This method is based on the premise that at very low pumping
rates, there is little mixing of the water column and laminar ground-water flow through the screen provides a more
consistent sample. This sampling method also produces less turbid samples that may eliminate the need for filtration when
collecting metals. This method is-rew-commerecially-avaitable PVC commonly referred to as low-flow sampling.

6.6 The low-flow sampling approach is most applicable to wells capable of sustaining a yield approximately equal to the
pumping rate. A monitoring well-easings-are-currently with a very low yield may not be applicable to this technique since it may
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be difficult to reduce the-mostpoeputar—tf-adhesives—are-aveided; PVC pumping rate sufficiently to prevent mixing of the water
column in the wel-easings-are-aceeptable casing-in-many-cases-although-their-use-may-still lead such a well. The water level in

the well being sampled should be continuously monitored using an electronic water-level indicator during low-flow sampling. Such
a water-level indicator could be set below the water surface after sufficient water has been withdrawn-te-seme problems fill the
pump, tubing, and flow cell. The water-level indicator would then produce a continuous signal indicating submersion. When the
well is purged, if the water level falls below the water-level indicator probe, the signal indicates that the water level has fallen
below the maximum allowable drawdown and the pumping rate should be decreased. Pumping is started at approximately 100
mL/min discharge rate and gradually adjusted to match the well's recharge rate. The selectien-ef-coneern-At present, the type of

background—presented—by—PRVC pump is dependent on site-specific conditions—and-interactions—oeceurring—between PVC and
groundwater-are-not-wel-understood—Tin, DQOs. The bladder pump design is most commonly used in this sampling method,

however, the-ferm depth limitation ef-an-erganetin-stabilizeradded-te-PVC, this pump may necessitate the use of a gas-driven
piston pump in some instances.

6.7 Avariation on the above purging approaches is to monitor one or more indicator parameters until stabilization of the selected
parameter(s) has been achieved. Stabilization is considered achieved when measurements akre within a pre-defined range. Thi
range has been suggested to be apprexim PVCately 10 % over two successive measurements made 3 ming apart by the U.S. EP,
(4). More recent documeni{®)

5:3-Sinee have suggested range®.2°C for temperature=0.1 standard units for pH:3 % for specific conductance;10 %
for DO, and=10 mV for redox potential. A disadvantage of the-mest-significant-problem-eneountered stabilization approach is
that there is no assurance-in-trace-organics-sampling:+esuits from all situations that the stabilized parameters represent formatior
water. These criteria should therefore be set on a site by site basis since if set too stringent, large velumes-efPVE-adhesives in
menﬁenng—weﬂ—eens%rue&eﬂ—threadedjernfs—nmgh{—av0|d contammated purqe water may be qenerated W|thout ensunng that the
e, and

i ftori i Wi i . Pollutant
phthalate-esterB;10)are-eftenfound are any more representatlve In a Iow yleldlnq formatlon this could reeuh—rn—wateesamples
at-ppb-ievels; the-EPA well being emptied before the parameters stabilize. Also, if significant drawdewn-has—feund them on
oceasion-atpprevelsintheir-samples—The-ubiguitouspresence of occurred, water from some distance away may be pulled into

the screen causing a steady parameter reading but not a representative reading—-these-phthalate-esters-is-unexplained, except
say criteria are properly selected, the volume of investigative derived waste water may be reduced.

6.8 The indicator parameters thatthey may-beleachedfromplastic-pipes,-sampling-devices, monitored include pH, temperature,
speC|f|c conductance turbldlty, redox potentlal ﬂnd—een%alners

mit-fabrication DO. A combination
of—s&mphng—dewees a pump &nel—weH—eaﬂﬁgs—M&dedﬁ&Fts—are—exposed fleld meter(s) or sondes equipped with a flow-through
cell is ideal for this purpose smce it aIIows the monltonnq of one or more of these parameters on a continuous basis without
exposure f i inants. the atmosphere. A typical flow-through
ceII appllcatlon is shown in qu 1 The—eveJuHon pump used in thls technlque may be any pump capabte-effluerinated-compounds
fy e resin producing a steady flow such as
a penstaltlc or bladder pump If a submer3|ble pump is used, the hydratuhc pressure developed in the flow-through cell may be
sufficient to-its-melting-point.
5.5-Extruded-tubing force the probes ou i nic solvent
extrusion-aid. their position. This-€an problem may—be—remeved—easny ellmlnated by mstalllnq atee connec%er—rn—Hee—fabncator and,

DATA LOGGER
OR DISPLAY
UNIT

PROBES FOR MONITORING

INDICATOR PARAMETERS
ELECTRONIC WATER- /

LEVEL INDICATOR

OUTFLOW

FLOW—THROUGH CELL

OPTIONAL TEE TO REDUCE
WATER PRESSURE OR TO
OBTAIN SAMPLE

FOAM PIPE INSULATION
(NEEDED IF TEMPERATURE
IS MONITORED)

MONITORING
WELL

FIG. 1 Flow-Through Cell
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ect discharge line to allow only a portion-efthe-sampte—E-fluerocarbon FEP flow to

enter the flow-through cell. Another concern with the low-flow sampling method is sorption onto the tubing. Studies have indicated
that at flow rates of 0.1 L/min (0.026 gal/min), low-density polyethylene (LDPE}-and-TFHE-fluerocarben-PFA+resins-denet require
this-extrusien-aid plasticized polypropylene tubings are prone to sorptierand may TFE-fluorocarbon sheuld-be-suitable-for sampl
used. This is especially a concern if tubing-as-wet—Unsinteredthread-seatant tape lengths-ef FFE-fluorecarbon-is-available in a
“oxygen-servicegrade 15 m (50 ft) or longer are ug&d).
6.9 Gibb and-eontains-ne-extrusion-aid-and-tubricant.
5—6—|:eu+=reman—et—al Schullell}almde—te—preblems—eaused by have descrrbed—a—l&leneatmg—eﬂ-used—dtmng#E—ﬂﬂerocarbon
0 bed acetol

trme drawdown approach using knowledqe of the weII hydraulres—te—a—degree—that—tateﬁeaused-eentamrnatron predict the percentag
of stagnant water entering-a-gas-sample.

5-7-Glass-and-staintess—steel pump inlet near the top of the screen at any time after flushing begins. Samples-are two oth
materials-generally-considered-nrertin-agueous-environments: Glass collected when the pereentage-isprebably among accepta
low. As before, the-best-ehoicesthough it advantage-ishotinconeceivable-it-could-adserb-some-constituents as that well volum

has no direct effect on the duration of pumping. A current knowledge of the well's hydraulic characteristics is necessary to employ
thrs approach Downward mrqratron of staqnant water due to effects—ethereeentamlnants than drawdown (for-exampte;Na, silicate
: rless steel density differenees) is strong

and—eaeﬂy—maehrned not accounted for in this approach

6.10 An alternative to-fabricate-equipment—UYnfortunately, it purging a well before sampling-srettetaly-immune to collect a

water sample within the screened zone without purging. These techniques are based on studies—that-eceuld—+elease metal
contaminants—Stainless-steel-contains—various—aloying-metals;—some of under certain conditions, natural ground-water flow i
laminar and horlzontal with I|ttIe or no m|X|nq W|th|n the weII screeItZ 13) To properly use these—{forexampleNi-are

v y teels can sampling techniques
Water sample must be—setﬂbﬂt-zed by coIIeCted Wth|n—the—prttrng—act|on screened |nterval Wlth little or no mixing-ef-renexidizing
antens—sueh—as—ehleridefluoride—and-in—seme—instances—sulfate, over the water column within the casing. Examples of thes
techniques include minimal purge sampling which suser dedicated sampling pump capable-of-pH-coenditions—Atuminum,
titanium,polyethylene, pumping rates of less than 0.1 L/min, discrete depth sampling using a bailer that allows ground water entn
at a controlled depth, (for example, differential pressure bdild)), or diffusion sampling. These sampling technigues are
discussed in 8.1.10.

7. Materials and-ethereetrrosien—+esistant Manufacture

7.1 The choice of materi
in the-eenstituents constructi constructron—et—rnterest

5.8 Where-tempeorarily-installed sampling-equipmentis-used;the-sampling-device-thatis chosen devices shetld-be-non-plast

{unlessTHHE-fluerocarbon)cleanable based upon knowledge-oftrace-erganies;-and must what compounds-may-be-eleaned betwi
each-monitering-wel-use presentin-orderto-aveid-cross-contamination-of wells the sampling environment-and-samples. The onl

way—te—ensure—that how the d sample materrals may interact via Ieachrnq, adsorption, or catalysis. A second eeneetn is indee
: cHwater blanks-that-have-been-seaked-nand-passed throu

Hae—samphng—de\ﬂee—te—eheelefeethe—baekgfeuﬁﬁevels that corrosion or degradatien-may-+esult from compromise the structure
integrity of the sampling-materials device. In some situations, PVVE-or-from-field-eonditions. Thus, other plastic may be sufficient.

In others, an al-samplingsfortrace-materials TFE-fluorocarbon apparatus may be necessary. The potential presence of nonaque:
phase liquid (NAPL) should also be-accompanied-by-samples-which-represent a consideration since its presence would expose t
ﬁetd—baekgretrnd—(ﬁ—pes&bjre)—the samplrng equrpment—baekgreund—and—the—t&beratery—baekground

: i in erdeHo verlfy hlqh concentratlons of
al Society’
committee each materral will, to some degree absorb or Ieach chemrcals or may degrade—en—emﬁfemqental—maprevement he
published-guidelinesfor-tdata—acquisition exposure to a chemical.

7.2 The advantages and—data—evattra&en—whreh—shetﬂd—be—useful disadvantages of these materials for sampling equipment «
summarized i )Table 1.

7.3 PVC

7.3.1 If adhesives are avoided, PVC is acceptable in many cases although their use may still lead to some problems if trac
organics are of concern or NAPL is presébb). At present, interactions occurring between PVC and ground water are not well
understood. Tin, in the form of an organotin stabilizer added to PVC, may enter samples taken fro(@apVC

7.3.2 The structural integrity concerns with PVC increase with the concentration of PVC solvents in ground water. As such,
NAPLs that are PVC solvents are a primary concern. Potential NAPLs that are of a concern for PVC and other commonly usec
plastics are listed in Table 2. Degradation of these materials is primarily by solvation, which is the penetration of the material by
the solvent that ultimately causes softening and swelling that can lead to failure. Even in lower concentrations, however, PVC
solvents may deteriorate PVC. Methylene chloride, which is a very effective PVC solvent, will soften PVC at one tenth its

quality and u:
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FIG. 2 Single Check Valve Bailer

solubility limit while trichloroethylene, which is a less effective solvent, will begin to soften PVC at six tenths its solubility limit
@an.

7.4 TFE-Fluorocarbon Resins

7.4.1 TFE-fluorocarbon resins are highly inert and have sufficient mechanical strength to permit fabrication of sampling devices.
Molded parts are exposed to high temperature during fabrication that destroys any organic contaminants. The evolution of
fluorinated compounds can occur during fabrication, will cease rapidly, and does not occur afterwards unless the resin is heated
to its melting point. Relative to PVC and stainless steel, TFE-fluorocarbon is less sorptive of ¢afipns

7.4.2 Extruded TFE-fluorocarbon tubing may contain surface traces of an organic solvent extrusion aid. This can be removed
easily by the fabricator and, once removed by flushing, should not affect the sample. TFE-fluorocarbon fluorinated ethylene
propylene (FEP) and TFE-fluorocarbon perfluoroalkoxy (PFA) resins do not require this extrusion aid and may be suitable for
sample tubing as well. Unsintered thread-sealant tape of TFE-fluorocarbon is available in an “oxygen service” grade and contains
no extrusion aid and lubricant.

7.5 Glass and Stainless Steel

7.5.1 Glass and stainless steel are two other materials generally considered inert in aqueous environments. Glass is generally
not used, however, because of difficulties in handling and fabrication. Stainless steel is strong and easily machined to fabricate
equipment. It is, however, not totally immune to corrosion that could release metallic contaminants (see Table 1). Stainless steel
contains various alloying metals, some of these (that is, Nickel) may catalyze reactions. The alloyed constituents of some stainless
steels can be solubilized by the pitting action of nonoxidizing anions such as chloride, fluoride, and in some instances sulfate, over
a range of pH conditions. Aluminum, titanium, polyethylene, and other corrosion resistant materials have been proposed by some
as acceptable materials, depending on ground-water quality and the constituents of interest.

7.5.2 Where temporarily installed sampling equipment is used, the sampling device that is chosen should be able to be cleaned
of trace organics, and must be cleaned between each monitoring well use to avoid cross-contamination of wells and samples.
Decontamination of equipment PVC and stainless steel constructed sampling equipment exposed to organic chemicals, pesticides
or nitroaromatic compounds generally can be successfully accomplished using a hot detergent solution followed by a hot water
rinse. Equipment constructed of LDPE and TFE-fluorocarbon should also be hot air dried or oven dried at approximately 105°C
to remove residual pesticides and organic contaminants, respedth®20) A common method to verify that the device is
“clean” and acceptable is to analyze a sample (equipment blank) that has been soaked in or passed through the sampling device
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or both, to check for the background levels that may result from the sampling materials or from field conditions. Thus, all
samplings for trace materials should be accompanied by samples that represent the sampling equipment blank, in addition to oth
blanks (field blank and trip blank). Decontamination procedures are further discussed in Practice D 5088.

7.6 Additional samples are often collected in the field and spiked (spiked-field samples) in order to verify that the sample
handling procedures are valid. The American Chemical Society’s committee on environmental improvement has publishec
guidelines for data acquisition and data evaluation, which should be useful in such environmental eval2hYions

8. Sampling Equipment

68.1 The choice of sampling technigue must be based on an understanding of the hydrogeology of the site under investigatic
and the end use of the data. Since each technique has its advantages and disadvantages, no one technique can be chosen as th
overall technique. Since different technigues will likely yield different results, it is best to be consistent throughout an investigation
to facilitate the comparison of data values over time. There is a fairly large choice of equipment presently avaitable-fergroundwate
sampling-from-single-sereened-wells-and-well-elusters. ground-water sampling. The sampling devices can be categorized into tt
following-eight nine basic types. as described in the following sections:

68.1.1 Down-Hole Collection Devices

68.1.1.1 Bailers, messenger bailers, or thief-samedst4)yarg22, 23)are examples of down-hole-devices-that-prebably
provide-valid-samples-enece-the-wel-has-been-flushed. collection devices. They are not practical for removal of large volumes o

water but are relatively inexpensive permitting their dedicated use and are widely used. These devices can be constructed in vario
shapes and S|zes from a variety of materlals They do not subject the sample to pressure extremes.

atile organic
ple from
ion lines fi

8 1 1. 2 A schematlc of a smgle check valve unit is illustrated |n—F|g_1 2. The baller may be threaded in the middle so that
additional lengths of blank casing may be added to increase the sampling volume. TFE-fluoreearbon or, stainless steel, and PV
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TABLE 1 TypMaterical Contasineramnd Preservation Rsin_Sequirtermenctsfiora Ground=-w Of Sater Monmiptitoring Progra Equipment
I (76)
Velume
_ .
angMeastrementerial )
MetalsAsiBalCdiCriFe 16002000 P/G (spe
PbiSet
—AgMaiNa
Polytetrafluoroethylene 1006—2000 * Virgin F
to-pH-<2
« Ideal material in corrosive environments where inorganic compounds are of interest
Mereury 200-360 Pc{spe:
260-360 Ptespe
Radioactivity-alphal 4800 PIG (sp
betafraditm
4000 « Potentie
tensile ar
resistanc
string as
70, 71)
topH<2
< Potential problems with obtaining a seal between the casing and the annular sealant because of PTFEs low
coefficient of friction and antistick properties as compared to other plastics (71)
Pheneolies 560-1660 (=
5660-1660 (<]
€oeh42C 28 days
—H;SO7te
—pH<2
« Expensive
Miseellareeus 1006—2000 R
1660-2000 P
eeoh42C
Polyvinylchloride * Leaching of compounds of tin or antimony, which are contained in original heat stabilizers during polymer
formulation, could occur after long exposure
—FHueride 360-5690 PVC prin
MEK (me
(methylis
into groul
the watet
preferred
3060-560 * When u
of volatil
glues, su
(methylet
cyclohex:
Therefore
sealed w
28days
« Cannot be used where pure product or high concentrations of a PVC solvent exist
—Chleride 56200 Pl
50200 * There i
Pl
28-days
* Maximum string length of 2-in. (~5-cm) diameter threaded PVC casing should not exceed 2000 ft (~610 m) (72)
—Suifate 160500 P&
166-560 * PHS
28day-s
* PVC can volatilize CFCs into the atmosphere within the unsaturated zone, which can be a potential problem for
studies of gas and moisture transport through the unsaturated zone
—Nitrate 166-250 Pie
I 100-250 PIG
48-heurs
Coliform
160 Pie
6h 10
Stainless steel * Generally has high corrosion resistance, which differs with type
—Ceonduetivity 160 Pie
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TABLE 2 Chemical Compatibility Table For Selected NAPL (78)
Chemical PTFE (Teflon) PP (Polypropylene) PVC (Type 1) PVC (Type 1) 304 Stainless 316 Stainless Carbon Steel

Benzene

Carbon Tetrachloride
Dichlorobenzene
Dichloroethane (DCA)
Dichloroethylene (DCE)
Diesel Fuel

Ethyl Benzene
Gasoline

Hydraulic Oil (petro.
Hydraulic Oil (synthetic)
Jet Fuels

Kerosene

Motor Oil

Napthalene
Tetrachloroethylene (PCE)
Toluene
Trichloroethylene (TEC)
Xylenes

IQIOIMMIMEIEIOITITIOIOIMOIOIOIMIO

IQIOIMImMIMIOIOIOITIDIOInIMIOIO[ Ime
elomieleeee| | ociol o] 1elo

1201501010150 150101010150 150150130150 10150150 |50
I101IC 1D IX 01X XXX ICIDIIX IS X
ICICICIcIclmlmmImADICIDIC|ICICIX|C
icicicicicimimin| | | 1| 1ciclicicic

For Metals

E < 2 mills Penetration/Year
G < 20 mills Penetration/Year
S < 50 mills Penetration/Year
U > 50 mills Penetration/Year

(1 mill =0.001 in.)

R = Resistant (No corrosion rate reported)

For All Non-Metals
R = Resistant
U = Unsatisfactory

X = Conflicting Data, at least one reference reported unsatisfactory

are the most common materials used for construcié)-
6-1-1-4124).
8.1.1.3 In operation, the single check valve bailer is gently lowered into the well, to a depth just below the water surface, water
enters the chamber through the bottom, and the weight of the water column closes the check valve upon bailer retrieval. Th
specific gravity of the ball should be about 1.4 to 2.0 so that the ball almost sits on the check valve seat during chamber filling.
Upon bailer withdrawal, the ball will immediately seat witheut-anry—samples sample loss through the-cheek—valve—A similar
:-“v=v‘ ;,'v“:. earet o oe ;‘-“ Within weighte into the et A€ fromthe

O \/

8.1.1.4 A double check valve bailer allows point source sampling at a specific éép#¥)-Anr(25, 26) The double check
valve bailer is also effective at collecting dense, non-aqueous phase liquid (DNAPL) from the bottom of a monitoring well. An
example is shown in Fig=2. 3. In this double check valve design, water flows through the sample chamber as the unit is lowerec
A venturi tapered inlet and outlet ensures that water passes freely through the unit with limited restriction. When a depth where
the sample is to be collected is reached, the unit is retrieved. Because the difference between each ball and check valve seat
maintained by a pin that blocks vertical movement of the check ball, both check valves close simultaneously upon retrieval. A
drainage pin is placed into the bottom of the bailer to drain the sample directly into a collection vessel to reduce the possibility
of air oxidation.

8.1.1.5 Atop-filling bailer is a closed bottom tubular device, opened on top and provided with a loop or other fixture to attach
to the drop line. The-acrylicmodehntig. 2 top-filling baileristhreaded at gently lowered below the water surface in the well and
water pours into the bailer from the top. Although this variation on the bailer design results in greater agitation of the sample, it
may be used to collect a sample of light, non-aqueous phase liquid (LNAPL) by lowering it just below the surface of the LNAPL
and allowing the-addition bailer to skim the LNAPL from the surface ef thre water column.

8.1.1.6 The differential pressure bailer is a sealed canister body with two small diameter tubes of different heights built into its
removable tog14). The bailer is usually constructed of stainless steel to provinde-sufficrient weight to allow it to sink relatively
quickly to the desired sampling depth. Once the bailer's downward progress is stopped, differences in hydrostatic pressure betwe:
the two tubes allows the bailer to fill through the lower tube as air is displaced through the upper tube. This type of bailer minimizes
the exposure of the sample to air especially if fitted with internal 40 mL vials for direct sample bottle filling.

8.1.1.7 Special care must be taken to minimize exposing the sample to the atmosphere during the transfer of the sample fro
the bailer to the sample bottle. There are several approaches to overcome this issue. Bottom-emptying bailers used for samplii
of VOCs, for example, should have an insertable sample cock or draft valve cock (often referred to as a bottom or bailer emptying
device) in or near the bottom of the sampler allowing withdrawal of a sample from the bailer with minimal atmosphere exposure.

68.1.1-68 Suspension lines for bailers and other samplers should be kept off the ground and free of other contaminatin
materials that could be carried into the well. A plastic sheet may be spread out on the ground around the monitoring well for this

11
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purpose. Disposable TFE-fluorocarbon, PVC, polyethylene, and polypropylene bailers are available which offer time savings and
all but eliminates the potential for cross contamination during sampling.

8.1.1.9 Sample oxidation is a concern with single check valve and top filling bailers. Sample oxidation might occur during the
extended time it takes to bail a sample if water levels are a great depth below the ground surface or if there is a delay in the transfer
of the sample from the bailer to the sample bottles. Using point source bailers, however, minimizes the oxidation problem.

8.1.1.10 Another approach for obtaining point source samples employs a weighted messenger or pneumatic change to “trip”
plugs at either end of an open tube (for example, tube water sampler or thief sampler) to close the ¢h@gmer-oerst,
Kemmerer, and Bacon samplers are of this var{é#:17#19)(23, 24, 26). A-simple number of thief or messenger devices are
available in various materials and-inexpensive-pretmatic-samplerwasrecently-described-by-Gittham shapes. Differential
pressure bailers-{20)-Fhe-device-(Fig-—3)-consists(14) also provide a point source sample but do not require manual tripping.

8.1.2 Bladder Pumps

8.1.2.1 Bladder pumps consist of-a-dispesable-50-mi-plastic-syringe-modified flexible membrane enelesedby-sawing off a rigid
housing. Water enters the-ptungerand pump cavity through an inlet, usually located-er-the-fingergrips—The-syringe-isthen attached

te-a—gas-tine-by-means bottom-ef-a—+rubber-stopperassembly—The-gas-line-extends to the s pump. Compressed gas either from :
compre,ssor or air cylinderis-tusee-o-drive injected into a bladder withinthe-stem-tess-plurger, and pump cavity forcing the check

valve on the inlet te+aise close anegHewer-the-syringe into sample up through a second check valve-at-the-hole. When top of the
g pump and into a dis-charge line (Fig. 4). Wateris-pressurized, prevented from re-entering-the-rubberplunger is held at bladder
by the-tip-ef-the-syringe. top check valve. Fhe-sampler bladder is-thentewered into depressurized, allowing the pump to refinll.
The process is repeated to cycle the water to the surface. Samplles taken from depths of 122 m (400 ft) have been reported.

8.1.2.2 Avariety of design, modifications and materials are avai(@9le30)however, TFE-fluorocarbon bladders, either PVC,
TFE-fluorocarbon resin or stainless steel bodies and fittings are most common. An automated controller system is used to control
the-d time between pressurization cycles and regulate pressure.

8.1.2.3 Bladder pumps have a distinct advantage over gas displacement pumps in thatthere-is reached, no contact with the
driving gas. Disadvantages include the large gas volumes required, and difficulty in decontaminating-the gas-line pump. This pump
design isredueed most applicable-te-atmospheric{orshghtly less) dedicated well installations-and-waterenters-the syringe. where
low pump rate or flow rate (less than 0.5 L/min) are required-—Fhe-sampleris-then—retrieved flow rate-from-the-instaltation and the
syringe-detachedfrom-the-gas-line-Afterthe tip a bladder pump-is-sealed, dependent-en-the-syringe-is-used-as-a-short-term storag
contatrer—A-number dimensions-of-thief-or-messenger-devices-are-avallable-in-various-materials-and shapes.

612 the bladder pump, controller settings, gas pressure, and total dynamic head.

8.1.3 Suction Lift Pumps

68.1:23.1 Three types of suction lift pumps are the direct line, centrifugal, and peristaltic. A major disadvantage of any suction
pump |s that it is I|m|ted in its ab|I|ty to raise water by the head avallable from atmospheric pressure—TFhus,-the-surface of the

withelrawn. The theoretical suction limit is about 10.4 m (34

ft) but most suctlon pumps are capable of malntalmng a water I|ft of—eﬁ{y—ZS—ft—er Iess

vices operate

onstructed c
ures aroun(
+H- e via small
s tag-of wells, but

i w-voltme suction
pump—wmeh—eeﬁﬂsfs—e#—a—refewﬁrbaH—beaﬁﬁg—raers 7 6m (25&$)—Heaﬂb+e—&rb+ﬁgﬂs—mseﬁed—&remd+he—ptmp—retefand
ed ad d b : well while the
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401 n d e extended s
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mechanism

(5:23.24)(31).

68.1:23-62-AMany suction pumps draw water through a volute in which impellers, pistons, or other devifces operate to indugce

a vacuum. Such pumps are probably unacceptable for most sampling purposes because they are usually constructed of non-inel
materials such as brass or mild steel and may expose samples to lubricants. They often induce very low pressures around rotating
vanes or other such parts such that degassing or potentially cavitation may occur. They can mix air with the sample via small leaks
in the casing, and they are difficult to adequately clean between uses. Such pumps may be-accepttacble for purging of wells, but
should not generally be used for sampling.
8.1.3.3 An exception to the above statements is a peristaltic pump (also known as a rotary peristaltic pump). A peristaltic pump
is a self-priming, low-volume suction pump that consists-ef-ptastic a rotor with r@)sFlexible tubing-that istewered inserted
around the pump rotor and squeezed by rollers as they rotate. One end of the tubing is placed-nte-the-wel-A-foot valve well (a
weighted end may be used) while the otheris-usualy-attached connected directly to a receiving vessek-As-the end of rotor moves,
reduced pressure is created in the well tubirg-te-assistin-priming and an increased pressure on the tube leaving the rotor head
Pumping rates may be controlled by varying the speed of the rotor or by changing the size of the pump head, which contains the
pump rotor.
8.1.3.4 The peristaltic pump moves the liquid totally within the sample tube. No part of the pump contacts the liquid. The
maximum-ift sample may be degassed (cavitatien-is-aboeut-4-6-m-(15 ft) unlikely), but the problems due to contact with the pump
mechanism are eliminated. Peristaltic pumps do require a fairly flexible section of tubing within the pump head itself. A section
of silicone tubing is commonly used within the peristaltic pump head, but other types of tubing can be used patrticularly for the
sections extending into the well or from the pump to the receiving container. The National Council of the Paper Industry for Air
and Stream Improveme(®3) recommends using medical grade silicone tubing for VOC sampling purposes as the standard grade
uses an organic vulcanizing agent which has been shown to leach into samptes. Varrious manufacturers offer tubing lined with
TFE-fluorocarbon or Vitohfor use with their pumps. Plasticized polypropylene tubings and LDPE should be avoided if flow rates
less than 0.1 L/min (0.025 g/min) are usgs,;25;26)(10). The extraction rate with this method can range from 0.04 to 30
L/min (0.01 to 8 gal/min) (34).
68.1:23-75 There is disagreement on the applicability of peristaltic pumps for the collection of groundwater samples. Research
by Tai, et al(35) has shown that peristaltic pumps provide adequate recovery of VOCs. The U.§4HR#es not recommend
its use because of studies that suggest that VOCs may be lost during sa(Bglng
8.1.3.6 Adirect method of collecting a sample by suction consists of lowering one end of a length of plastic tubing into the well
or piezometer. The opposite end of the tubing is connected to a two-way stopper bottle and a hand held or mechanical vacuum
pump is attached to a second tubing leaving the bottle. A check valve is attached between the two lines to maintain a constant
vacuum control. A sample can then be drawn directly into the collection vessel without contacting the pump me(3¥ar8sin
8.1.3.7 A centrifugal pump can be attached to a length of plastic tubing that is lowered into the well. A foot valve is usually
attached to the end of the well tubing to assist in priming the tube. The maximum lift is about 4.6 m (15 ft) for such an arrangement
(37, 38, 39)
8.1.3.8 Suction pump approaches offer a simple sample retrieval method for shallow monitoring wells. The direct line method
is-extremely portable though considerable oxidation and mixing may occur during collection. A centrifugal pump will agitate the
sample to an even greater degree although pumping rates of 19-+te-351 Lpm L/min (5o 40 gpal/min) can be attained. A peristaltic
pump provides a lower sampling rate with less agitation than the othertwoe-pumps—The-withdrawahrate-ef-peristaltic-pumps can
be-carefully-regutated-by-adjustment-of-therotor-head-revelution.
6-12-8-AH pumps, as discussed in 8.1.3.4.
8.1.3.9 All three systems can be specially designed so that the water sample contacts only the TFE-flouorocarbon or silicone
tubing prior to sample bottle entry-—Separate Dedicated tubing is recommended for each well or piezometer sampled. Each of these
methods that relay on suction can change solution chemistry by causing degassing which may result in loss of volatile compounds
and dissolved gasses and this should be a consideration in their appli@tjon
68.1:34 Electric Submersible Pumps
68.1:34.1 A submersible pump consists of a sealed electric motor that powers a piston, impeller, or helical singte-thread worm
at—a—Hrgh—Fpm worm. Water is brought to the surface threugh-an-access a discharge—tube. Such Similarpumps have been are
commonly used in the water well industry-feryears and many designs {&&8)(40).
68.1:34.2 Submersible pumps provide relatively high discharge rates for water withdrawal at depths beyond suction lift
capabilities. A battery operated unit 3.6 cm (1.4 in.) in diameter and with-a45 Lpm L/min<{1.2 gpal/min) flow rate at 33.5 m (110
ft) has been developd@#)-(41). Another submersible pump has an outer diameter of 11.4 cm (4.5 in.) and can pump water
from 91 m (300 ft). Pumping rates vary up to 53.6-tpm L/min (14 gpal/min) depending upon the depth of the-pump total
dynamic head (428).
68.1:34.3 A submersible pump provides higher extraction rates than many other methods. Considerable sample agitation results,
however, in the well and in the-eellection discharge tube dufing-transport. sampling. The possibility of introducing trace metals

[ ] 8 Viton is a trademark of E. I. du Pont de Nemours & Co., Wilmington, DE 19898 and has been found suitable for this purpose.
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into the sample from pump materials alse-exists—Steam-eleaning exists; however, submersible pumps designed specifically f

environmental work do exist. These pumps are constructed of relatively inert materials such as stainless steel, TFE-fluorocarbol

and Viton. Decontamination procedures are discussed in Practice D 5088. Recent research, however, has suggested that ste
Ieanlng foIIowed by rinsing W|th unchlorlnated delonlzed Wﬂ%&r—fﬁ—&ugMbe used between samplings when analys

ange VOCs is req@8q43). Complete decontamination

of submersible pumps is d|fﬁcult and shouId be confirmed by the collection of equipment blanks.

68.1.4.4 Submersible pumps have several disadvantages that should be considered. The silt and fine sand commonly presen
monitoring wells may cause excessive wear to internal impellers and staters. These pumps also commonly require a high-ampera
120/220-V power source and a reel and winch system that limit their mobility. Submersible pumps may also not be suitable for
collecting liquids containing VOCs or dissolved gasses because of their potential to degas the sample.

8.1.5 Gas-Lift Pumps

68.145.1 Gas-lift pumps use compressed air to bring a water sample to the surface. Water is forced up an eductor pipe that m
be the outer casing or a smaller diameter pipe inserted into the well annulus below the-waté3ae3/4) (44, 45).

68.1:45.2 A similar principle is used for a unit that consists of a small diameter plastic tube perforated in the lower end. This
tube is placed within another tube of slightly larger diameter. Compressed air is injected into the inner tube; the air bubbles througl
the perforations, thereby lifting the water sample via the annulus between the outer and innef32j6). In practice, the
eductor line should be submerged to a depth equal to 60 % of the total submerged eductor length during pumping-(26)(40).

A 60 % ratio is considered optimal although a 30 % submergence ratio is adequate.

68.1:45.3 The source of compressed gas may be a hand pump for depths generally less than 7.6 m (25 ft). For greater dept
air compressors, and pressurized-air-bottles—aned-aieompressed-from-an-automebile engine cylinders have been used. When
compressors are used, an air-oil filter must be installed to minimize the introduction of oil to the well.

68.145.4 As already mentioned, gas-lift methods result in considerable sample agitation and mixing within the well, and canno
be used for samples which will be testedfervetatile-erganics. VOCs or dissolved gasses (for example, DO, methane). The eductc
pipe or weighted plastic tubing is a potential source of sample contamination. In addition,-GibbetB)ered-difficulties(11)
expressed concerns in sampling for inorganics. These-iffieatties concerns were attributed to changes in redox, pH, and
species transformation due to solubility constant changes resulting from stripping, oxidation, and pressure changes.

615

8.1.6 Gas Displacement Pumps

68.1:56.1 Gas displacement or gas drive pumps are distinguished from gas-lift pumps by the method of sample transport. Gz
displacement pumps force a discrete column of water to the surface via mechanical lift without extensive mixing of the pressurizec
gas and water as occurs with air-lift equipment. The principle is shown schematically #a-Fig. 4. 5. Water fills the chamber. A
positive pressure is applied to the gas line closing the sampler check valve and forcing water up the sampie line. By The cycl
is repeated by removing the-pressure-the-eyele-canberepeated. pressure. Vacuum can also be used in conjunction with the
{306)(46). The device can be permanently installed in the wel{33;34,35)(47, 48, 49) or lowered into the wel{36,37)(50, 51).

68.1:56.2 A more complicated two stage design constructed of glass with check valves made of TFE-fluorocarbon has bee
constructed38;39)(52, 53). The unit was designed specifically for sample testing for trace level organics. Continuous flow
rates of up to23-tpm-(6-6-gpm) 38 L/min (10 gal/min) are-possible-with-a-5-1-cm-{(2-in-)-diameter-unit.

6-1-5-3-Gas possible.

8 1. 6 3 Gas d|splacement pum

6—1—5—4—Gas—d+smaeemeﬂ{—p&mps offer reasonable potential for preserving sample integrity because-ittle of the driving ga
comes in contact with the sample as the sample is conveyed to the surface by a positive pressure. There is, however, a potent

loss of dissolved gasses or and contamination from the driving gas and the housing materials.
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8.1.7.1 Adouble piston pump powered by compressed air is illustrated in-Fig. 9. 6. Pressurized gas enters the chamber between

the pistons; the alternating chamber pressurization activates the-pisten which that allows water entry during the suction stroke of
the piston and forces the sample to the surface during the pressure E4@8§ePumping rates between-9.5 0.16 ard-36-3-L/hr
&5te-8-galthr) 0.51 L/min (0.04 and 0.13 gal/min) have been reported from 30.5 m (100 ft). Depths in excess of 457 m (1500

ft) are possible.
| 68.1.732 The gas piston pump provides continuous sample withdrawal at depths greater than is possible with most other

approaches. Nevertheless, contribution of trace elements from the stainless steel and brass is a potential problem and the quantit

of gas used is significant.

68.1.8 Packer Pump Arrangement

68.1.8.1 A packer pump arrangement provides a means by which two expandable “packers” isolate a sampling unitbetween two
packers within a well. Since the hydraulic or pneumatic activated packers-are-wedged pressed against the-easing-wall or screen,
wall, the sampling unit will obtain water samples only from the isolated well portion. The packers are deflated for vertical
movement within the well and inflated when the desired depth is attained. Submersible, gas lift, and suction pumps can be used
for sampling. The packers are usually construeted-from-seme type of a rubber-er rubber corfia@847) A packer pump unit
consisting of a vacuum sampler positioned between two packers is illustrated-n-Fig528).7

68.1.8.2 A packer assembly allows the isolation of discrete sampling points within a well. A number of different samplers can
be situated between the packers depending upon the analytical specifications for sample testing. Because access to the interve
between packers is blocked once the packers are inflated, the selection of sampling devices is limited to sampling pumps. Vertical
movement of water outside the well casing during sampling is possible with packer pumps but depends upon the pumping rate and
subsequent disturbance. Deterioration of the expandable materials will occur with time with the increased possibility of undesirable

organic contaminants contributing to the water sample.
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+—Sample-Containers—and-Preservation
+1-Complete-and-unequiveecal-preservation
8.1.9 Inertial-Lift Pumps
8.1.9.1 The inertial-lift pump consists :
ﬁfaeﬂeat+y—m+pess+b+e—Aebest—pfeeeH+aﬂeHeehﬂlques—eﬁty%etard a foot vaIve—at—tlﬂre—ehemlcal end of a erX|bIe tube. The tube
and-biolegical-changes-that-inevitably-continue-after-the-sample foot valve-ist+emeved from inserted-into-the-seuree—Therefore
nsuring-the-timely-analysis-ef-asample-shoeuld be well with one end eftheferemesteonsiderations tube remaining at the surface
The tube is then rapidly moved in a continuous up-and-down motion. Each upward stroke lifts—the-sampling—ptan-schedule.

Mefheds—ef—pfeservaﬁeﬁ—afe—semewhat—mﬁed—aﬁd—afe—mtended water column in the tubing a distance-egual-te-retard biologice
reduee-the-volatility stroke length. At the-enrd-ef-constituents

Pfeeervatren—meﬂeeds—a%e—geﬁemﬂy—trmlted the upstroke the Water continues-te-pH-control-chemical-addition,+refrigeration an
freezing—For move slightly upward by inertia. On the down stroke, the foot valve opens allowing fresh-water-samples;-Himmediate
refrigerationjust-above-freezing{(4°C to enter the tube. This process continues resutting-in-wet-iee) is often a flew-to the bes
preservation-technigue—avaitablebut it surface.

8.1.9.2 The inertial-lift pump is-hotthe-enty-measure nor capable of operating efficiently at depths to 30 m (100-#). It is it

applicable effective in—all-cases—Fhere-may-be-special-cases—where—it-might-be-prudent small diameter wells or direct-pus
technology probes which are typically 12.5 m#t-(n.) diameter. The pumping rate ranges from 6-te—include—a—reecording

theﬁmemetelem—the—samﬁle—shrpment 7.6 L/min (G—te—verlfy 2 qal/r(rBA) depenqu on the-maximum-ane-minimum-temperature
te-whieh rate of th ii Ay ; v v va|lable

ﬁs&atmg—eammes—aﬁd—eanﬂﬂmg—equmeﬁt—fro v :
ﬁtegramﬂﬁeeehaes—bﬁﬂatty—deveteps—wthe—ﬁetd-eeteéemtory tube dlameter The t equipm ent—used—m the fleld thls—pump is ver
vatwable-and-sheuld inexpensive enough te-be-spenrtoen ing samples, dedica
to a well with the exception of the pump handle or motor drive that de—ﬁe%eﬁﬁbethﬁg—aﬁd—efg&mz-rﬁg—s&nﬁeles—?herefore contac
the-sampling-pltan-sheuld-nclude-clearinstruetions sample.

8.1.9.3 The inertial-lift pump, however, has several disadvantages. It is difficult to operate in deep, large diameter wells.
Although a motor drive can overcome this limitation,the-sampling-persennel-eencerning incorporation of a motor drive limits the
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m#em%aﬂeﬁ—FequrFed—t portability of the—ﬁe’;d—da%a—reeefd—legbeele(ﬁe%ebook) equipment. The foot valve must be selected to

match th tion, casing material since it will tend to ride against the

eham—ef—eus{edy—pfe%eeels casmg and potennally will either damage—t-he—methods casmq or wear out. The d|scharqe tubing must
be_stiff stlff for

+3—TFhe-exactrequirements-for the-velumes-of-sample-needed-and-the-number-of-containers-pump-te-use—-may vary from
taberatory-to-taberatery. operate properly. Fhis-will-depend on makes-the-speeific-analyses tubing awkward to install and remove

from a monitoring well.

8.1.10 Minimal Purge, Discrete Depth, and Passive Samplirfampling technigues that do not rely on, or require only
minimal purging may be-perfermed;the-coneentrationtevels used if a particular zone within a screened interval is to be sampled
or if a well is not capable of yielding sufficient ground water for purging. These technigues include minimal purge, discrete depth
sampling, and passive sampling.

8.1.10.1 A dedicated pump is used for minimal purge sampling so that only enough water is purged threugh-the-individual

taberatory—protocols—The—manager pump so that the volume of water contained-by-the—sampling—program—shoeuld make no
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assumptions-about pump and discharge tube is removed before sampling. No attempt is made topurge-the-taberatory-analyses.
casing, screen, or formatlon ThIS volume sheuld—dﬁacuss be mlnlmlzed by-the-analytical-reguirements selection of small diamete

tubing and the ehand. smallest possible pump chamber. This initia

volume of discharged Waterﬂs—espeer&Hy—the—case d|scarded—s+nee—seme—aﬁalyses—aﬁd—p¥eseﬁ+aﬁeﬁ—measwes—mus%be performe
it had prolonged contact with the-taberatery-as-seer-aspossible after sampling device.

8.1.10.2 The discrete depth sampler is often non-dedicated. It is lowered very slowly-te-the-samples-arrive—TFhus,-appropriat
arrangements-must-be-made.

+A—There-are-anumber depthﬂ#e*eﬁe%@aeﬁee&m%aﬁhlchh&mm&&ﬂdﬁ%%mhmqtm appropric
for screen where a wate i i Water and
Wastewater” sample+s—aﬂ—e*ee{+e1=rt—|=efefef-’ree—and—pe hags drawn |nto the samopllnq chamber Th|st is acc_prhshed eith
manually by usivng a triggering mechanism such as a cable or automatically such as with a_differential pressui®pailer
Discrete depth samplers, however, must be used with great caution because of the potential of mixing of the water column in th
well casing while lowering the sampler to its sampling depth.

8.1.10.3 Passive sampling, using diffusion samplers (a water-filled membrane), is based on the principle of molecular diffusior
of VOCs from the ground water into the sampler. (Research is currently being conducted by the U. S. Geological Survey to
evaluate diffusion samplers for the collection of non-VOC parameters, however, study results have not been published.) Thi
samplers must remain in the borehole for an adequate time for the water initially within the sampler to equilibrate with that in the
borehole. The diffusion sampler typically consists of water-filled, low-density polyethylene tubing, which acts as a semi-permeable
membrane. The sampler is attached to a weighted line, and lowered to a predetermined depth within the screened interval. Sin
the sample is depth specific, multiple samplers may be strung together to provide samples from different depths within the well
After adequate residence time has elapsed, the sampler(s) are removed from the well, punctured and the sample transferred il
sample bottles. The samples are preserved and submitted to the laboratory for analysis. In a study of this technique, a minimu
of 11 days was required to achieve equilibrat{®d, 60) Concerns about the applicability of this sampling method to specific
VOCs have been raised, however, no detailed evaluation of this issue has been published. In a comparison of sampling techniqu
samples collected by the diffusion method were found to be biased lower than samples collected using a low-flowGhgethod
however, this difference was attributed to issues with the laboratory or to the depth-specific nature of diffusion samplers.

9. Sample Containers and Preservation

9.1 The order of sample container filling, method of filling, selection of sample container type, and preservation method should
be provided in the sampling and analysis plan. Generally, the order of sample container filling should proceed from most volatile
to least volatile compound.

9.2 Complete and unequivocal preservation of samples, whether domestic wastewater, industrial wastes, or natural waters,
practically impossible. At best, preservation techniques only retard the chemical and biological changes that inevitably continue
after the sample is removed from the source. Therefore, insuring the timely analysis of a sample should be one of the foremo:
considerations in the sampling plan schedule. Methods of preservation are somewhat limited and are intended to retard biologic
action, retard chemical reactions and complexes, and reduce the volatilization of constituents. Preservation methods are genera
limited to pH control, chemical addition, refrigeration, and freezing. For water samples, immediate refrigeration just above freezing
(4°C in wet ice) is often the best preservation technigue available, but it is not the only measure nor is it applicable in all cases
There may be special cases where it might be prudent to include the temperature to which the samples were exposed. Inexpens
devices for this purpose, such as a recording thermometer, are available for this purpose. A water-filled bottle may be included i
the sample-shipping container for temperature measurement by the laboratory receiving the samples.

9.3 All bottles and containers must be specially pre-cleaned, and organized in ice chests (isolating samples and samplin
equipment from the environment) before one goes into the field. The time in the field is very valuable and should be spent on takint
field notes, measurements, and in documenting samples, not on labeling and organizing samples. Therefore, the sampling pl
should include clear instructions to the sampling personnel concerning the information required in the field data record logbook
(notebook), the information needed on container labels for identification, the chain-of-custody protocols, and the methods fol
preparing field blanks and spiked samples. Examples of detailed plans and documentation procedures have bee(2gublkshed
see Guide D 6089

9.4 The exact requirements for the volumes of sample needed and the number of containers to use may vary from laboratoi
to laboratory. This will depend on the specific analyses to be performed, the concentration levels of interest, the individual
laboratory protocols, and the required QC samples. Since a well may not be capable of vyielding adequate sample volume,
minimum required sample volume should be provided to the sample crew. The manager of the sampling program should make r
assumptions about the laboratory analyses. He should discuss the analytical requirements of the sampling program in detail wi
the laboratory coordinator beforehand. This is especially the case since some analyses and preservation measures must
performed at the laboratory as soon as possible after the samples arrive. Thus, appropriate arrangements must be made.

9.5 There are a number of excellent references available which list the containers and preservation techniques appropriate f
water and soilg22, 23, 29, 58, 63-65)Some of this information is summarized in Table X1.1 and Guide D 6517, however,
different regulatory programs have specific requirements that must be met.5

9.6 Sample containers fertrace-erganic VOC samples require special cleaning and handling conside@ti@ty. The
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sample container for purgeable organics consist of a screw-cap vial (25 to 125 mL) fitted with a TFE-flouorocarbon faced
silicone septum. The vial is sealed in the laboratory immediately after cleaning and is only opened in the field just prior
to pouring_a sample into it. The water sample then must be sealed into the vial headspace free (no air bubbles) and

immediately cooled (4°C) for shipment. Multiple samples-{usually-abeoutfourtakenfrom-one-large-sample-container) are

taken because leakage of containers may cause losses, may allow air to enter the containers, and may cause erroneous
analysis of some constituents. Also, some analyses are best conducted-en-independent-protected-samples.

7-6—Fhe-purgeable—samples—must independently preserved samples. The sampling program for VOCs should include at a
minimum trip blanks. Trip blanks and field spikes should alse-be-analyzed-by the considered for low level analysis.

9.7 The laboratory must analyze the purgeable samples within 14 days-aftercellection,—untess-they-are-to-be-analyzed for
acrolein-or-aerylonitrite(in—which-case-they-are-to-be-analyzed-within—-3-eays). collection. For samples for solvent extractions
(extractable organics-base neutrals, acids and, pesticides, herbicides), the sample bottles are narrow mouth, screw cap quart bottle
or half-gallon bottles that have been precleaned, rinsed with the extracting organic solvent and oven dried at 105°C for at least 1
h. These bottles must be sealed with TFE- fluorocarbon Ilned caps (Note 1). Samples for organic extractlon must be extracted within
7 days and analyzed W|th+H—30 40 days af : a v teel beaker

’ i M ntamers extraction.

Note 1—When collecting samples, the bottles should not be overfilled or prerinsed with sample before filling because oil and other materials may
remain in the bottle. This can cause erroneously high results.

7978 For a number of ground-water parameters, the most meaningful measurements are those made in the field at the time of
sample collection or at least at an on-site laboratory. These include the water level in the well (see Test Method D 4750) and
parameters that-semetimes can change rapidly with storage. A discussion of the various techniques for measuring the water level
in the well is contained in a NCASI publicatige67)and detailed procedures are outlined in a U.S. Geological Survey publication
(568, 69) Although a discussion efthese water level measuring techniques is beyond the scope of this guide, it is important to
point out that accurate measurements must be made either before a-wetHs flushed purged or only after it has had sufficient time
to recover. Parameters that can change rapidly with storage inrelude-speeifie-cenductance, pH, turbidity, redox-petential, dissolved
oxygen, DO, and temperature. Specific conductance, although most accurately determined in a laboratory setting, often is measurec
in the field where it is used as an indicator parameter to determine the completeness of purging. For some of the other parameters
the emphasis in ground-water monitoring is on the concentration of each specific dissolved component, not the total concentration
of each. Samples for these types of measurements should be filtered through 0.45 pm membrane filters ideally in the field or
possibly at an on-site laboratory as soon as possible. Analyses often requiring filtered samples-include all metals, radioactivity
parameters;toetal dissolved organic carbon, disselved-erthophesphate{if-needed), orthophosphate, and total dissolved phosphorou
{fneeded)d3;14) (22, 23). If metals are to be analyzed, filter the sample prior to acid preservation. If concerns related to
the loss of mobile colloidal material by filtering is a consideration, sampling protocol should be modified to limit sample
turbidity during collection so that filtering is not necessary. This is often done by using very low purge and sample flow
rates. For—-FO€-erganies, total organic carbon (TOC), the filter material should be tested to assure that it does not
contribute to the TOC. The type or size of the filter to be used is not wel-understoed. determined. However, if results of
metal, TOC or other parameters that could bee affected by solids are to be compared, the same filtering procedure must
be used in each case. Repeated analytical results should state whether the samples were filtered and how they were filtered.

79:89 Shipment and receipt of samples must be coordinated with the laboratory to minimize time in transit or weekend delivery

receipt. All samples for organic analysis (and many other parameters), should be maintained aR4CE(65) during storage

and shipping and should arrive at the laboratory within one day-after-itis—shipped and shipment. Sample receipt should be
maintained-at-about42C-with-wetice—The-bestway verifiedte-get them provide an opportunity-te-thelaberatery-in-geed-condition
is trace a lost shipment or-te-send-them-in-sturdy resample if breakage occurs during shipment.

9.10 A commonly used shipping container is an insulated ice €hests (€oolers) equipped with bottle dividers. 24-h An overnight
courier service is recommended, if personal delivery service is not practical. Care must be taken in packaging the ice so that no
leakage occurs. Such leakage may damage sample labels or, if it escapes the sample cooler, may be misconstrued to be hazardo
liquid by the courier. Sample paperwork, including the chain-of-custody, should be enclosed in a sealed plastic bag and taped to
the inside lid of the shipping container to protect it from water. Sample containers may be sealed in plastic bags to protect sample
labels from water damage from melting ice or sample leakage from other bottles.

9.11 Many courier services have strict shipping requirements for samples that are “hazardous.” The courier service should be
contacted prior to field activities if there is a concern about how to ship a sample.

10. Keywords
10.1 diffusion sampling; ground water; low flow; low stress; minimal purge; monitoring; purge; sampling; stabilization; well
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APPENDIX

(Nonmandatory Information)

X1. SAMPLE HANDLING PROCEDURES FOR GROUND WATER MONITORING PARAMETERS

X1.1 See Table X1.1 for procedures for handling samples.

[ ] TABLE X1.1 Sample Handling Procedures For Ground Water Monitoring Parameters (77)
P A Bottle Type? P ; Volume Required for itora © ijec r:Nith
arameter’ ottle Type reservative Analysis, min (mL)® r;sizzzgfen, vr;ae;re
applicable), max
pH PG None, analyze immediately 25 ASAP (=48 h) for lab
for field measurement measurement
Specific Conductance PG Cool (4°C 100 28 days
Alkalinity and Bicarbonate PG Cool (4°C) 100 14 days
CcoD PG Analyze ASAP (=48h) or 100 28 days
add H,SO, to pH<2; cool
@)
TDS PG Cool (4°C) 100 7 days
TSs PG Cool (4°C 100 7 days
Chloride PG None 50 28 days
Fluoride P None 300 28 days
Nitrate PG Analyze ASAP (=48h) or 100 28 days
add H,SO, to pH<2; cool
@Q)
Sulfate PG Cool (4°C) 50 28 days
Ammonia PG Analyze ASAP (=48h) or 500 28 days
add H,SO, to pH<2; cool
@q)
Mercury PG HNO; to pH<2 100 28 days
Metals, Dissolved PG Filter on site; HNO; to 200 6 months
(Including Ca, Mg, K, Na) pH<2
Metals, Total PG HNO; to pH<2 100 6 months
(Including Ca, Mg, K, Na)
Phenols PG Add H,SO, pH<2; cool 500 28 days
@q
Hardness PG HNO; to pH<2 100 6 months
Volatile Organic G, TFE-lined cap Add HCL to pH<2; cool 2 X 40 ml 14 days
Compounds (VOC) (4°C)
Total Organic Carbon G, TFE-lined cap Add H,SO, or HCL to 40 28 days
(TOC) pH<2; cool (4°C)
Total Organic Halogen Amber glass, TFE- H,S0O, to pH<2 and cool 250 28 days
(TOH) lined cap (4°C) for EPA 9020A; cool
(4°C) for EPA 9022
Turbidity P, borosilicate glass Cool (4°C) 100 48 h
A P = Plastic (polyethylene or equivalent); G = Glass; G, TFE-lined cap = Glass screw-cap vials sealed with Teflon-faced silicone septa.
5 Individual laboratories may request more than the minimum volume.
€ ASAP = As soon as possible.
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