DE-AI09-005SR22188

JOURNALARTICLE

2003 03-06-P

Use of Mini-Sprinklers to Strip Trichloroethylene and Tetrachloroethylene
from Contaminated Ground Water

Yvette ¢ Berisford, Parshall B, Bush,* John 1. Blake, and Cassandra L. Bayer

ABSTRACT

Three low-volume mini-sprinklers were tested for their efficacy te
strip trichloroethylene (TCE) und tetrachloroethylene (FCE) Irom
water, Deionized water spiked with TCE and PCE was pumped for
approximately 1hat 0.19 to 0.21 MPa (28 to 30 I in~ %) through a mini-
sprinkler supporied on top of o L8-m-tall riser. YWater wis coliected in
collection vessels 2t 0,61 and 122 m sbove the ground on suppori
columns that were spaced at 0.61-m intervals from the riser base, and
samples were composited per height and distance from the riser.
Owverall, afr-siripping reduced dissolved concentrations of TCE and
FCE by 0.1 to L0 and %6.9 (o 100%, respectively, from mean influent
disselved concentrations of 66 1o 1675 pg L' TCE and 206 1o 940
wp LV PCE. In terms of mass removed, the mini-sprinklers removed
TCE and PCE at & rate of appreximately 148 (o 1700 and T0O to
S g L7, respectively, over a L-h fest period. Mini-sprinkiers offer
the advantages of (i) easy setop in series that can be ased on practically
any Lerraing (i) operation over a long period of time that does not
threaten aquifer depletion; (iii} vse in smull or confined aguifers in
which the copacity is too low to support large brrigation or purging
systems; and (iv) use in forests in which the small, low-impaci droplets
of the mini-sprinklers do nol damage bark and in which frees can
help manage (via evapoiranspiration) excess waste waler.

ricHLoROETHYLENE {TCE) and tetrachloroethylene

{(PCE} are industrial solvents that have been used
as cleaning and degreasing agents since the 1930s
(McCulloch and Midgley, 1996), The USEPA classilied
both chemicals as “high production volume chemicals,”
with production exceeding 454 000 kg (1 million Ib)
annually in the USA (USEPA. 2000), Because of their
widespread use and inappropriate disposal, TCE and
PCE are commaon contaminanis in soil and ground water
in the LUSA and are included on at least seven federal
regulatory lists (Scorecard, 2001; USEPA, 1998a, 2001,
Lnited States Geological Survey, 2001). Some of the
present methods used for the remediation of volatile
organic chemical compounds (VOCs) from ground wa-
ter or contaminated soil nclude phytoremediation
{ Dietz and Schnoor, 2001 Newman et al,, 1957}, biodeg-
radation {Leahy and Shreve, 2000; McCarty, 2000, Mi-
hopoulos et al, 2000; van Eckerl et al., 2001); in vitro
dehalogenation (Chang et al,, 2001), dechlonination by
metals (Cheng and Wu, 2001}, chemical oxidation by
polassium permanganate (Schnarr et al., 1998, Schroth
et al, 2001; Soel and Schwartz, 2000) and hydrogen
peroxide (Gates and Siegrist, 1993), pump and treat
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technology (USEPA, 1998b), and in situ air-sparging
(Adams and Reddy, 1999, Rabideau et al., 1999; Reddy
and Adams, 2000 Ryan et al,, 2000},

A recent study at the University of Mebraska at Lin-
coln (Richardson and Sahle-Demessie, 1998) and a fol-
low-up evaluation project by the USEPA SITE Program
{in cooperation with USEPA Region 7 and University of
Nebraska at Lincoln) at Hastings, NE (USEPA, 1998¢)
reported that the commeon agricultural use of sprinkler
systems (o irrigate crops also reduced the dissolved con-
centrations of VOCs n the irrigation water by al least
9% without a significant ¢ffect on air quality. The stud-
ies were prompled by a need for alternative, more eco-
nomical methods to treat ground water, In both studies,
the sprinkler system was a pivoting, sell-propelled #0-m-
long boom from which ground water (which was already
contaminated with VOCs) was pumped through nozzles
along the boom at a rate of 4353 L min™" (1150 gal
min ). That irrigation system was not used as a remedi-
ation method per se. However, since the ground water
had been already contaminated with TCE and PCE
and since crops are trrigated with boom-type irrigation
systems, the investipation centered on remediation as a
side benefit of this type of irngation system, Although
that irrigation system could be effective in remediation.
its use would be limired to relatively open and (lat ter-
rain (slope < 15°). A major concern about the use of
such large sprinkler systems would also be their effect
on aquifer depletion 1n areas affected by overdrafl ol
ground water resources. This is particularly important
in considering that pround water is the basic resource
for about 40% of the public water supply in Lthe USA,
and in some states more than 90% of the water that 15
used for irrigation is provided by ground water {Cash,
1998; United States Geological Survey, 20040).

The mmportance of the Nebraska study was that i
demonstrated the effectiveness of air stnpping by an
irmgation sprinkler system. With an emphasis on appli-
cation to forested land, the present study was conducted
to test smaller mini-sprinkler systems that could be sel
up easily in practically any type of terrain and thal could
be operated at a substantially smaller risk to ground
water depletion. Trees, particularly conifers such as lob-
lelly pine (Pinus taeda L.}, would provide & means tor
managing (via evapotranspiration) the excess wastewa-
ter during year-round sprinkler operations. The mini-
sprinklers have small and low-impact droplets that will
not damage the bark of trees, which is a problem with
tvpical impact sprinklers that have a concentrated
stream and a rotating head. Another advantage of using
mini-sprinklers is that many contaminated aquifers are

Al;hrm-l.adam: PCE, weirachlogoeshyiene; RPD n:l.a-l-lw: pl;'re'ts:l dhl
ference; TCE, trichioroethylene; VOO, volatie arganic compotnd
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Fig 1. General laywut of the Beld iesd area (vl drwwn bo meabe). While srrews ladioate the Maw of sater froro ihe mdeing Lk 10 min-sprayer,
simgle btack arrews indicale Sow of water fromn der riser 10 1he miwing task, and desblr black amors indlicace Mo in = bypass lvop 1bat waes
used 10 max the water in the lmnk. Refar do Fig. 2 and 3 for enlargemenis of the samphe coleciion colvmns and methed of compisiling.

small or confmed and the wells are shallow so that the
capanity 15 relatively low, and hepce does not support
latge wropation systems such as the one used in the
MNebraska siudy

Smaller-scaled irngation systeros, such as those that
are wied on lawns and in horticujtural greenhouses, can
be used on practically any terrain and can be set up
within @ minamum of cleared land area. Addimionally,
such sysrems could be quickly set up with materials that
are pencrally aveilable atiocal gardening and hardware
supply cullets, and so offer an addional advantage of
quick mobility 1o address emergency remediation tasks
The current research tesied Lthe efficacy of theee types
of heruculture mum-sprinkler systems to stnp TCE and
PCE from contamnaled water

MATERIALS AND METRODS
Field Design for Efficacy Testing

The basic design (Fig 1} consisted of a miting tank from
wheeh dejomized water contaimng TCE (CAS 7:01.6) and

PCE (CAS 12 18-4) was pumped at a pressure of # 1% 100 21
8Pa (28 1o 30 Wb ™% through polyethylene umigation ppe
W 2 mitn-sprinkler that was located 18 m high on a rserin
the center of a 12 2-m-chameler, ercolar arza Radating oul
from 1he base of the nser were four concentne circles spaced
0 61 mapart (Fig 2} Six sample collector columns were evanly
spaced on each concentne arela so that six raws of four ool
urnng each radiated at approximate S wpervals from the base
of the viser The entire arsa of the columms plus a bulfer zone
(to catch dnft) was lined with Gmal-thick clear polyethylene
plastic 1o contan the conlarmwnated water and collect runoff
The polyethylane irrgabion pape used i thiz study was
selecied because of ns general avaiability i hardware and
erigation supply siores throughout the southeastern LSA CH
concern was lhe possible adsarption of TCE or PCE 1o the
mside of or 1083 through the walls of the polyethylene pipe
Low-density polyethylens has been used as the membrans im
vapar diffusion bag samplers [or menitonng VOCs 10 sech
ment and waler withoul any repared sigmificent adsocption
to the polyethylens (Vroblesky 2000, 20018k, Vroblesky and
Campbel], 2001} Bacause of the lzck of publkshed data on
the behavior {adsorplion (o or diffusion through the ppe
walls) of TCE ar PCE in the type of polyethylens rragation
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sl distance 4.6, thoze indicated on the same dirde i the disgram) from 1be riser ware composiled. For exampls, water from sl T bosiles
on the Zdd-m clrde mere composlied Isls poe boitle and wrater From all B botlles on that saroe clecle were cosmposited Inio sioather hoithe

pipe used in our study, the concentratipns of TCE and PCE
i Lhe pape al ponls whers Lhe conlaminated water entered
and left the pipe were compared la Fig I, the ponts of
eollection are labeled as the faucets al begnming and end of
the water hine Samples were collected simullansously from
each famcet al the begmming, end, and each 15 man of each
test (= 5 per 1est) Two tests of each muni-sprinkier syslem
were cofducted (tofal of s1x tests) Analyss of vanance (545
PROC ANOVA, & = 005, Duncan’s multiple range test) was
used [0 compare the means of dissolved concentratians of
TCE and PCE 1n the samples collectad at the beginmng and
end of 1the wtagation pipe for each of 1he aix tests (SAS Lnsh-
(uie, 20007

Each collector column (Fig 3} was made of a 1 37.m-long =
1 2T.en-diameater {54 in % 05 in} rebar rod 1nserted into the
center of an X-shaped base that was copstrucied [rom 1wa
preces of 5- % 10- ¥ d6.cm (height = vndth X lenglh)} untrzated
lember Tweo collection funnels were clamped to the rod o
that the \ap of one funnel was O 61 m and the other was 122 m

above Lthe ground A I-L amber glass collection botue way
clamped beneath each funnel so that the stem of the funnel
extendad Fuell length inlg the bowle and the base of the fuanet
was jealed acraas the opeming of the bottle The funpels were
clamped opposite each other so Thal they would not obstruct
the path of water inie cach ather

Mini-Sprinkler Setop

Thres sprinkler types were tested Senninger Mo Wobbler
{#4 nozzle, Senmnger Irngatien, Celands, FLY and Em Dor
Maodel BOS-120 apd 861120 mum-sprinklers (Ageidor Lid
Rosh Ha'avin, Israell The mu-sprinklers, connsctors, pres-
sure regulators, and polyethylene pipe were suppled by ML
Iresgation Syslams {Laupens, 5C) Sorme of the charactersbcg
of each mm-sprmkler are hsied m Table | For sach test, A
mum-spran kler was atlached 1o 2 0207 MPa {2 fhalm} pressure
regulator {Fig 1) mounted on top of a | 27-cm-1d polvethyt
eng whigalon ppe {se¢ lop megru m Fig 1) The pipe was
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supporled by a melal support stand than held the wnm-sprin-
kler 18 m above the ground The base of the pipe 21 ground
leved was attached to a water meter that meazured the valume
of influent water that Nowed inta the sprnkler A centrifuge|
pump [Sta Rite 60 Cyele 34 bp, Model THD-6ZHL, Sta-Rate,
Drelavan. Wi pumped water from a 113d-L-capacily mixing
tank through an approximale 153.m long ® 2 5d-ema d poly
ethylene wcrigation pipe 10 2 T-conpector at the base of the
water meter Water that did aot enler the sppnkler returned
L3 the tank through another 15-m looep of the rmgation pipe
{Fig 1,black arrows) Faucsls were allached at the beginning
and end of the watler hine 50 thal water could be sampled a5
it entered and 12kt the irngauon pipe The difference belween
disgolved TCE and PLE concentraticns in the waler as 1L
entered and £xuled the pipe would be used 1o assess the loss
of dissolved concentrabions of TCE gr PCE wilthin Lhe pipe
Waler pressure at the base of the mini-sprinkler was moni-
wped wilh & roanually tead pressure gauge and & pressure
transdycer Ihat was capnected Lo a data logger i a weather
station approximately 3 m from the riser Pressure transducer
readings and pressure gauge readngs were recorded cvery 2
anmil 15 mun, respectively, durng a lest

Test Conditions

Test conditions that could not be cuntralled, bul whoch may
affect the performance of the mmn-sprnkler leslsystems, wers
measured on e Alrlemperature, percent relative humdity,
baromerrie pressure, solar radiation, and wind speed and direc-
non were recotded every 2 min by the weather staton

Beafore each test, the muxng tank was nased three times
with approximately 1134 L of [ap water (Athens. GA cuy
waler) followed by two nnses with deiomized water Each
1134 L ahquot was arculated i the tank for approsmately
1 h and then 1he tank was dramed and vacuumed te remove
all standmg water from it On the evemng before o test day,

the tank was filled with deonezed water and allowed to vent
overmight to remove any free chlonns i the water

On a rest day, the waler volume 1o the tank was adjusied
to 1134 L to compensate for overmght evaporation The watey
was mxed for | b, thea 1 mL 2ach of TCE and PCE m 600 mL
of methanol was added to the tank, and the solution was rixed
for am addiional 1 h before urnmg on the mum-sprinkler
The TCE (stabilized, 99 5+ % punily, ACS reageni-grade) and
PCE (994 % putity, ACS reagent-grade} wens obtaned from
JT Baker {Pothipsburg, M1} and Sigma-Aldneh Chamical
Company (Milwaukee, W), respectively

Each mni-sprmkler test system was ren for approjumatcly
| b for each of Iwo tésis on (he same day The i.h test nme
wis needed s that a sufficient wolume of waler for a primary,
duphicacs, and matnx spike sample could be collected i the
bottles on the collestion eolumns The Senmnager Mim-Woh.
bler was kested on 14 Mar 2001 from 0737 to 0852 and 104
to 1195 h The Emn Dor 309120 model was tested on 23 Mar
A0 frowny (735 1o 0B38 and 1307 to 1407 h, and the En Dor
861.120 model was tesled on 23 Mar 2000 (rom 0916 10 1014
and 1127 o 227 h

Fiald blanks of mp water, dewomzad water, and moang wank
waler (before the addinon of TCE and PCE) were each placed
i 250-mL beakers and exposed o the feld conditions i an
area near the fest site tha precluded exposure to the TCE
and FCE solution that was sprayed 0o the ar by the mim-
sprinklavs

Sampling

The lacationg of the sampling staucsne and thewr (requency
of sampling are hsted in Table 2 Samples were collecied rom
the mxing lank, faucels at the begmmng and end of the water
hna, collectors on the columns, beakers on the ground within
the test area, runaff, and fizld blanks Water from the collzclor
botiles on the columns was composiied per height and diziance
from riser base (Fig 2}

Al each samphng stalion. Whres samples {prnmary, duplicate
and matrix spake samples} were collected wn prelabeled 60-mL
vials {elear borosthicate glass wials [Kimble/Kontes, Vineland
MJ] for USEPA water analysis) Yials ware complately filbed
to overflowing to elininate head space before capping with
teflon-lined lops Esch wial contamed 12 of phosphate bufter
and ammomnium cklonde preservanve (12 g ammoniem chi-
rnde 1o Z g debasic sodwm phosphats 1o 198 3 monobasic
potasshuen phosphale} ta lower the sample pH 1o 48 1o 55
and comvert free chlorme @ monochlaramme

Samples wers placed woce chests within 3 man after collec-
non Each ez chest contamned tnpheate blanks {thrée waly
cach of lap waler, deromzed water, and muxing tank water)
and a calibraled, digial thermometer that measured curment
mmtnum, and mamum lemperatures Temperatures 1o the
cheste were mantamned al I to 5°C Each sel of field samples
was apeompanied by 8 chain of custody form and trapsferred
te a laboratery refngerator [=4%C) within 2 b after samphng

Table 1. Charscierisths of the minl-sprinkbers teal were used In 1he tesis.

EIII-?I"I’!HH' Flow ratet Drroplel size Werting diametery Speclal fealure

Lh*{gal k" m ()
Semnnper M- Yobbler 141 (37} rnedien 104 {34=30) Impfge wekthitg dlamsier of bow presores
Ein [or 800120 LHb (32} [\ '] 4.3 {158} rlides w Hoast of very fine draplens
Ein Dor 8:1-130 L0 132 Rt 4 {315 el for Irnigation benesth frees

T At 0Lzl MPa (30 b i~
4 At 0.21 MPa (30 b i ) ownd x 1.5-m haaghl.
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Tabl: 2. Sampling statiors and frequency of samphling.

Samplhig station

Froquency and jocatson

Muimg lank

Fauraa

Collzciars (6] mit
Collectars (122 m)t

Sampled before additian of uicﬁiuticﬂuicli &Eb wd icirachborocihy ke {FCEY mnd dclfere and afer each 1es1
Samphed &l the begmning 404, wnd erery 1S oln dwring & fest.

Samphiad i e sl Gl 1 12t pened. Composited por ditamce fram the risar (Fig. 13-

Samphed ut the el of ive 105t penod Compomtad par dislance Erom 1ha riser (FIg. 2).

Runofy Sampled mi the end of 1he test

Graud level Campoule fram sy 250-mL beakers pliced om graond 0.61 m from rher.

Freld blanks Tap, bk, swd debonized waicr, cach in 8 258-mL beaker, mnglcd M ihe cod of cach ica day.

Trplicats blanks Top. ik wuter, and delonized water In visle ware placed In anch koo chert That wes macd 1o Irenspont samphes.d

T Theke are ine badfles am 1he collecior colamos.

EA spl of three vile (prioiary, dephecate, and mairty splicef af exch (ype of waler wet pliced iw each o ched.

Field Dhesign to Tesi the Effect of Compositing
and Exposure to Ajr on Dissolved Concentrations
of Tri- and Tetrachloroethylene

Saince TCE and PCE are voalanle, the phyncal process of
preuring water from Beiktes on the collector columns oo make
a compogite may have reaalled in 1he loss (via volalhzation)
of dussolved concentrations of TCE or PCE 10 Lhe composite
Alse, dupng the zpproxmate 1-h test of each min-sprink lee
gysiem waler i the uncapped collection botiles and ground-
level beakers was exposcd Lo o1, hence, this prolonged expo-
surg during the sample accumulation penod could also have
caused a loss of dissobved concenranons of TCE or PCE in
thesamples Either of these potential losses could be mustaken
for lesses due Lo stripping by the mimi-gprimklers and would
resull i a greater-than-actual stnppag effiency of the mim-
sprinkler systems Therefore, an expeniment was conducted
1o determine uf such losses eould oocur under feld conditions
simalar 1o those of the mm-sprmkler wsis

Thrae replications, each consisting of s1x collector columns
thal were evenly spaced in a 1 22-m-dizmeter aircle, wers set
up in the same experimental area where the min-sprinkler
1ty had been conducied (Fig 43 The same technigues that
were used i the manesprinkler iesis e clean, Gll, nuix, and
add TCE and PCE to the mang tank and te collact samples
i [riplicals were wsed o thus expenment Afer the TCE and
PCE had been mixed m the tank for 1 h, the faucet at the
beginmngof the water hine was purged for 5 min, and thencach
o s1uty 1-L amber plass boiiles was filed with approxmale]y
300 mL of wawer frarn Thes favcet and capped wilh teflon-hned
caps The bottles were randem|y allocated meo frve setgof 12
bottles each Repheaton | Replication 2, Repheation 3, Time
3 Mg, apgd Time 60 Min For Rephcauwons 1 through 3 {Fig 4,
twa boltles were clamped on the collecior columns so that
thi boltles wers approx malely opposile each otherand 1 22 m
high an the columr One member of cach par of bottles on
each column was allocated for preparing the composite sam-
ple and the giher bottle was allocaled for indrvidual sampling
inoncomposite} The Time & Mip and Time 60 hin boti)es
were placed on a lab carl near the collesGor columns  Afier
all bottles had been clamped on the collector columns, therr
caps were Temoved The cornpletion of this removal process
marked Time O or the beginong of the &0-mun ume peniod
Al thes e, tamples ware collected from the Time O Min
bottles Water from six Time O Min bottles was used 1o make
threc composites {100 mL of water from cach bobuz], and the
othet six of the Tuma G Min bofiles were sampled indeaduathy
Al Lhe end of 60 oo (Erotm Tuve O, simular compesites and
mdivdual samples were collected from each rephcation and
the Time &0 Min bottles

Within each replicaton and Time 64 Min group, the eficet
of composiling on dissolved concentrations of TCE and PCE
was analveed by comparing the mean disselved concentrabon
levels in nencomposited (a1 = &) vs compeosited samples {# =
MFie 5 For staistical analysis of vanance withim groups,

SAS PROC GLM (o = 005, Duncan™s moltiple tange teal}
waas used {SAS Instiute, 2000}

The lats of disolved concentration levels of TCE apd PCE
during the S0ormn period while samples in colleclon bolttes
were exposed 1o air was assessed by comparing mean dissolved
concenlrations in the noncomposited samples that had been
exposed toar (Bepleavons 1, 2, and 3, 1 = 4 per rephcanion)
with those in the noneomposited szmples thal had nol been
exposed (o wr (Tume O Min and Time 80 Min & = 6 per
groupd (Fig 6} Analyss of venance (545 PROC ANOVA
a = (103, Duncan's mulbple rangs 1esl} was used 10 compare
the means (SAS Instiung, 2000)

Sample Extraction and Gag Chromatography Anelysis

Adl of the primary samples and 10% of the duphcates apd
matnx spike samples were analyzed A compuier program
based on Microsof Excet's random number generator § bicro-
solt Corparatuen, 20000, was usad torandomly selectthe duph
cate and matnx spikesamples for analyss The relative percent
difference (RFL) for cach setof fisld dupheates was calouleted
as 100 x {ehference between the two valuas/mean af the (wa
valugs) The RFD shoeuld not exceed 23% [or any oo anilyte
and the RFD for W% of the analyles must be lasethan 209
(USEPA, 1995} The matrix spike samples were splked with
10 bl of an analytical standard that contamed [0 mg L ° ol
bath TCE and PCE The peréant racovery in the maims spikes
sheruld falt between T3 and 125% and the perceml recaveres
of at least 9% of thoss spakes must be BO €0 120%, (LUSEFA
19%5) All samples were extracied within thewr 1d.d hotding
nmes

The TCE, PCE, decafluccobiphenyl {DFB} and p bro
moflucrobenzens (BEB) analybcal stapdards wers oblajggd
from AccuStandard {New Haven, CT) Decallucrsh pheny]
and p-bromoflusrobenzene were wicod a3 the suerogale and
miternal standards, vespectively Samples were exiracted n
methyl-tess bulyl ether {MTBE) according to USEP A BeLhod
551 1 {USEPA, 195}, except that Eppendort pipeties insiead
of syninges were used to add solvenls and standards into the
vials Two lab spikes (one i deromized and the ciher in wp
watery and two lab blanks {delonized water and tap water)
were exlracled and analyzed with each batch of beld samples
Previous testing in our |ab had detected a false peak ain tap
water that could be mustaken for a TCE peak in the leld
samples, Iherefore, since Held samples could contaim residual
lap water that was vsed to ¢lean the moiung 1ank two seks o
exlraclion batch blanks and spikes, triplicate tlanks and Geld
tanks were made {one set from tap waler and ancther set
from delomized water)

Exlrackz were analyzed withio their 14-d holding ome on
a Tremetnes Model %M1 gas chroematograph {Frnmgan Corp
Austn, TX) equipped with an elactron detector and an Kt |
-m length * 0 25%-mm-1 d Crossbond 100% dimethy] polys
loxane column (Hestek Corporation, Bellefome Pa) The
iemperalure program was (15t oven temperalure = 4000 hold
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COMPOSITES Per Group, approximatady 100 mL abquot from each bottle
— WAS removed o make each of 3 compasiaa (ne3 per Rap. n=3 for Time 0
== Min' and n=3 for ‘Tume 60 Min')  Each composie conlained approximealsly
600 mL water

= NON-COMPOSITES Battles from witch mdwvidual samples ware collected
== wmihin each group a3t tha end of the B0-minute {n=3 per group) last

Fig. 4. Fleld sctap for tealing the luss of dissobved conceminitong of iHohlorociden: {TCE) and ieirmvioreeihylene (FCEY dunng sanple
componiiing & Grom exposure to mir for 5% miw. For Hlestratien parposes, botthes are (llnstiraied 0y black or wiite; howevsr, v the sotaal
Meld test, sl potibes were 1.1 smber glasy. Bonldey on the kaly cants were capped sabl ampind Botilles on the callector columas were uncapped
arangheat the G-t tesd perd.

T mun, increase to 165°C at 1% min ™, final hold 2 min Peaks
were integrated on a Model 3394A miegrator (Hewlett-Pack-
ard, Falo Alte, CA} Frve-powmnt standard cahbrabion curves
(-3 0 mg L™") ware run for TCE and PCE

Before runimng samples on the gas chramatograph, the fol-
lowing riena bad o be met

1

2

The eorrelation coeffiients of five-point standard curves
of TCE and PCE had to be at leagt 0099

For precision or repeatabilicy, the relalive standard dewvi-
auwon of theee succesave mechons of 2 pLofa 0] mg
L=* TCE standard had 1o be less than 20% The relative
siandard deviaiien was calculated as 100 x (standard
deviation of the peak arcas of the thres pscuans/ mean
of the peak areas of the thres myscuans)

3 For relatve respense, the rato of [he peak atea of a

2-pLlopeetion aof a 01 mg L7 TCE standard 13 the peak
arez of 5 2-pl. tnjection of 2 01 mg L' ¢ bromofluoro-
benzene standard had (o agree withan 20% of the same
relative response of the current standard curve

Far instrument calibraton vanfication with a madrange
standard, the abzolute value of the pepcent difference
bepween the mstrument's value for 2 mudrangs standard
contaning TCE, PCE, decaffuorabiphenyl, and g-bro

mofluorcbenzens and its label value for thess com

pounds had i be withun 15%,

The instrument blank {methyl-iers butyl ether) could nal
contap any pesks of TCE, PCE, decafluorobipheny] or
p-bromofluorobenzens
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2200 — —
2000 TCE
1400 T ———
1600
1400 -
1200 - L
1000 A
BOO - -
800 - S—
a0 -
200 4

H >

Mean dissolved TCE concenbation pg L'

TIME &0 MIN REF 1 REP 2 REF 3
GROUP

2000 4 PCE

400
200 -

Mean dissohad PCE concenlration pg L7
=
=
1
b

TIME EQ MIN REP 1 REP 2
GROULP

I Honcomposited [ _|Composted I = Swandard Deviation

Fig § Effect of composiimg aw dusoived couceniralenns af inchlarecthyleas (TCE) and letrachborocibylene (PCE) Wathin «och group bars
with 1he same lemers are nel signdicanily diferenl rom each other in = 6 for nuncomposted samphes, 7 = 3 lor compasaied samplos 540
PROC GLM., Dunean's mukiple range dest, o = 905

The method detechien hos {(MDL] of TCE and PCE in tn = 123 lor PCE These poicent rwgoveins =l

dupninba d woier wers delermimead according 1o LSEPA [14985) the analytical method rogunoment that the poegune o
covery 1o the matnx spikes should lall betacon 7 id
RESULTS AND DISCUSSION 1253% and thal the yecovernies 1y ab [ asl S of Lhow

The standatd curves tor TCE and PCE weire hocat spikes must be 81 0 [20% (TISEPA 1495 The jolanis
lrum 0110 5 mg L * The MDLs were 229 yp L ' for percent difference {RPD) fow the duphoate samples w i
TCE and 201 g L~ o PCE Dissolved concentintions less than 20% in 91 8% of the duplicaies loy hoah 101
bBelow the MDLs wre repoited as nondetectable The (range ol OU-166% = 12] and PCE (£ oo o0 iLE
Mun poicenl tecovely n malix spke semples wis 163% » = 12} This satebd the anliin ) mi e
1115 = 128% (e = 12} lor TCE and 963 = 102% requicmient that tha RPD dor S0 al the ol s moust
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TCE

1400 -

Mean dissobved TCE conceniration, pg L+
s

EXPOSELD for 80 nuin

_w
-
HHD

L] ¥
TIME O MiIN TIME 32 4N REP 1 REP 2 REF 3

Group

220 PCE

1800
1500
1400 | L.Lm..
1HH) -
100G

400 - .
290 4

Mean dissolved PCE concantration, pg L1

TAE O MIN TIME 80 MIN

— Standard Oevadon

L ¥ ]
REF 1 REP 2 REF 3

Group

EEE Unexposed 0 ar for the indicatsd Gme; hae boltes werg capped.
[ Exposed I air for 80 min, thesa bottes were uncapped.

Fig. 6 Effect of cxposing contandonied water 1o ale In botiles for 60 min [u the expescd grosps,

ke colbection bottles were open durdng 1he

experiment. Barg with the same latiers aré ol signiiflcawily diffareal trom esch other (SAS FROC GLA, Dencsn ‘s mubple range tesi, o = BA5).

not exceed 25% for any analyte {UJSEPA, 1995). The
EPD exceeded 20% in one duplicate sl for both TCE
{RPD = 31.5%} and PCE {RPD = }4.3%). The meap
percent recovery of the surrogate [decafluorobiphenyl)
for the study was 66.7 = 10.8% (n = 209),
Compositing did not have a statigtically significant
effect on the dissolved conceatration levels of TCE or
FCE (Fig. 5); however, statislically signrficant losses
were ineurred during the lag time of approdimately 1 b
during which contantinated water was exposed o ar
inside the collection boltles (Fig. 6). Gverall, the mean

dissalved TCE concentrations were 28.2 % lower in |he
exposed water than in the wnexposed water. Similarly,
mean PCE soncentrations were 21.2% lower in the ¢x-
posed water. The overall percent loss was caleulated as
the percent difference belween mean dissolved concen-
trations in the water from bottles that had heen onex-
posed toair for 00 min (Unexposed, Time 60 Min grovp,
a = ; Fip. &} and the mean dissolved concentrations
in water that had been exposed in bottles for 60 min
{Exposed, Replications 1-3, # = 18; Fig. 6i). The mean
dissolved concentrations of TCE in exposed vs. unex-
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Table 3. Mwumvan cifiviencyt of the mind-sprimkber test systems (0 wirip mickiorecthylene (TCE} from mfluesi water.
Highes 1 CirnrEmdiuivn

Infloem Highast conceniniton Lirs In corraried Tor
Muir-sprinkier Tasl concemiraiiongd i collactom colbicinrgl perceni loag Eificienag i
pgl ' * wpl' iy
Semmmger Mun-Waobbler 1 1575 * 151 T2 1 10,0 w0 d
Semnimger Mini: Wobhler F M= 4 il F N ki {137}
En Crar 8130 X 1506% = 118 5 i 123 tod |
Ein Cor B9-110 i 466 = M 0o w1 R Tk ik
Ein Dor BSE-120 1 1341 = W7 P i) m1 i3 T
Ein Cror BL-120 1 oM = ETL n.o L% | 1 0

T Thas s ke mmmnum efichency once it 5 based #8 ke hoghes! dixsobred conceatraton m sy wmple

$ Muan desalved concentralions Tram faeect samples (0 = 5) al the beﬁmhiﬂ'lhe waketing, samphad ach 15 min of 2ach ks

§ Coleaubnicd o5 1WA — B)A. whete 4 = 173 = 156 (mean From samplos thad seere wncxposed 1c per ar shown i Pig. & Time 60 Min. 4 = 6), B
1246 = 21 {mean of 3smpka thel =cre sxposed 1o 8l Tor €0 mm o sievn i Py 5 Replicalione 1-3, 7 = 18),

N Withun each tesl, thos B mkcolated a3 HMHE ~ 0 WG, where O w1 mean desslred inflosni cescesirateon and £) i tee higheal dissobved concentr alun

rottecledt far percinl laas

Table . Mmanum eMrizpeyT of 1l sund-spopkier tedl sysems to sivip tetvachlorpethy leme (PCE) Brom Infldent wadet.

Higheat concenirabion
Inmwent Highest coneenirailan Lo m cogrecied for
Mimi-sprmkher Test camcnimlvnd i calkchars wrllecird pErcenl s Efuencry
sl % ngl!* Y
Sennmngar Mim-Wolsbier 1 LE Rt 4.3 212 &5 w4
Sennuvger Mine¥Wobbler z 458 = 84 oo Z1.2 LR 10
Ewm Dor 863118 1 ThE = 56 [1X3 212 pLE 3 9
Ewnn Der 383-120 F ez M L 21.2 LLEL] -]
Ewm Dwr #351-134 1 Tu T L L] 3 LI31] M
Ein Dar Ba1-5110 F] T * T e 3l ik M b

t This 13 the mimmurm Maesncy smce ol 16 bsed on lghest hissobed concenirstion m waler m oy semple.

3 Mean dizsobred conceninibois from faue# sammpled (n = 5) al ke begnmng of the walerue, smpled cack 15 aon of each (es]

bt Cabcutated a5 VA — B)A, where A = I T 63 (mesn Trom sampes el were anexposed (o a0 @3 Bievn i FIg 4 Time o) M, 6 - o), & -
M B4 (mean of samples it were axpared to s far 80 mon &5 shows in Fig. 6 Replicagops 1-3, 8 = L8}

§ Wirthin zach fest, ths 15 caloulaied o THIC — D YD, where © & (e moan dbsedved millionl concentralion snd B 5 (he hoghest disalved comoen iraon

rorecied For pertehl lose

posed water were 1246 2 2ZH pg L7 vs 1736 £ 236 pg tem (Table 3} Table 3 shows the tota] dissolved miass
L~ respectively For PCE, the values were 702 & 84 of TCE and FCE in the mflusnt water volome (hat wis
pg L "wvs 1005 £ 64 pp L', respectively, m exposed subpect 1o stnppiag dunng cach approgitmate 1 b orest

¥s unexposed water If the total dissolved mass of TCE and PCE m cach
The efficlency of each mini-sprmkler test system was first test were to represent the sinppng capacaty of that
calenlaled in Tables 3 and 4 Effwnency refers to percent test syslem, then there was insufficient dissolved mass in
of TCE or PCE that &ach system stnpped from the the second test of any system to challenge 1hat capacity
nfluent water The efficiencies take nto account the Hence, neither TCE nor PCE should be detecied i the
estimated loss of TCE and PCE during the 1-h exposure second Lests as was the case o this study [For cxample
of water in sample coliechion bottles as explained i the if the distolved mass of TCE in the first Sennmger bim
previous paragraph Dussolved concentratwons of TCE Wobbler 1851 were reduced by 99 4% (from Table 3)
and FCE were no detected m the second Lest of each then that system had the capacily o remove a Lotal inass
nuni-sprinkler system {Tables 3 and 4) [n the fust tests, of 287 037 pg of TCE The tolal dissolved mass remved
the Senmnger Mim-Wobbler system was efficient i ra- was caleulated as {stopping efficiency from Table 3) =
ducing dissalved concentrations of both TCE and PCE {TCE masz in the imfleent warer volume from Tabde 5)

by ¥ 4% Simlarly, the Ein Dor 809120 was 99 1% [n the sccond test of that same system, only B2 535 pp
{TCE} and 959% (PCE) efficient The Em Dor 56l was present tn the safluent water volume (Tabke 5) This
14 reduced TCE concentrabons by 92 7% and PCE ameunl was below the 287 037 pg sinpping capaculy ol

was not delected i any sample collector i that system the systemn and therefore 100% sinpping (above 1he
Eficiencies were 100% for the tesis wm which TCE or method detecuion lunat of 2 28 g L") of the TCE would
P'CE were not detected Inthese cases, ciiimency seems be expected

o be 100%, however, that may be a reflection of the The reduction m Lhe mital disselved concenirations
lower dissolved econcentrauons of TCE and PCE m the of TCE and PCE 1n the mfuenl waler i the second
influenl water for these tests (T1 vs T2 m Fig 7 and ests of mach nonl-sprinkler system were mos! probably

8) An mportant factor 1o consider about the lack of  due to volaulzation m the mxng tank, and not 1o any
detectable TCE or PCE in the second tests is that the sigaufacant Joss in the polyethylene imganon pipe Three

mibkeal dissolved concentrabions i the influent walee faclors that supporl this probabahily are (1} the spiked
the second tests were 43 to 74% less than those in the waret i the muxing 1ank was nol replaced before the
{1rst tests (T1 vs T2 1n Tables 3 and 4}, hence the wotal second test of any mun-spomnkder system, (u) the (ank
dissolved mass of TCE o1 PCE wn each second test may contained a large headspace that would have aliowed

have been below the stnpping capagity of thal test sys- for volatilhization loss between tests, and {in} there was
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2000
1900 -
1800 -
144G -
4200
1000 +

800 -

400 -

e

Senninger #4 Mini-Wobbler
™

T2

0 15

30 45 60

1800 -
1800 4

Ein Dor 803-120 Mini-Sprinkler
T1

1400
1200 -
1008 -
800 +
600 +
400 -

W

T2

30 45 60

2004
1800 -
1660
1400 4
1200
1000 -
800 -
600
400

TCE, Dissolved Concentration, pg t*

Ein Dor 881-120 Mini-Sprinkler

T

T2

15

&0

30 45

Time {min) into the Test

—I:— Tesl 1, Bag_mnnu of WWakerine
—£ Test 1, End of Woterms

T1aTast 1, T2=Test 2,

E = vizi i el 00 capachy, possibia oss of TCE

—ih— Tes 2, Begmomg of Watarkne
= Tesl 2, End of Walarine

Flg- 7. Comparison af dizselved coscentrations (pg L 7'} of trichlerocehytene {TCE) in water serogled every 15 min from [agceic ot i beginging

and emd of tee waterBne,

no significant hoss in dissolved concentrations in the
walerhing (Fig- 7-9).

Another factor to consider in the lack of detectable
TCE or PCE 1n the second tests of each min-spomiicler
system 15 that a5 a Lest day progressed Irom carly mom-
ing through early afternoon (refer to Table & for test
dales and times), meteorological conditions changad to
enhance volauhzation, evaporation, and drift. Tempera-
ture, wind speed, and solar radiation increased and per-
cent relative humidity generally decreased dunng the
day For the tesls thal began before 1000 b, the tempera-
ture, solar radhation, wind speed, and percent relanve

humidity ranged from 6.7 to 13.9°C, 180 10 350 W m?,
0 to 1126 km h=' (0 to 7 i h*'}, and 49 1o 798,
respectively, compared with 13.0 to 19 4°C, 400 ta 1080
Wom?, 16! to (448 iom A7 {1 to % ou h™'}, and 29 10
47% for the tesls that bepan after 1000 h
Mateurolu-gical conditions cannot be conkrolled, but
may have a significant effect on the strippuing efciency
of the mini-sprnklers. The effects of meteorological
conditions on the observed stnippming eiftciencies would
be greatest at elevated temperatures, wind speeds, solar
radiation, and lower relative percent humidity To test
this in our study, the Emn Dor 800-120 sprinkler system
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1400 Senringer #4 Mini-Wobbler
1200 -
1004
BOG - T4
800 -
400 1 T2
200 1
"':_I ) L] T T ¥
e 4] 15 30 45 60
E 1400 A Ein Dor 809-120 Mini-Spninkler
= 1200 -
£ 1600 -
2 800 . T
[
{3 600 -
- 400 -
S 2004 Al A p T2
o T L T ¥ T
§ 0 15 30 45 80
w1400 - Ein Dor 881-120 Mmu-Spnnkber
9 1200 4
1000 -

800 -
400 - Et:l:g::f.q: ' :; T1
H=

400 -4
200 -

—— A 0 (T2

0 15

30 45 60

Tima {min} mto the Test

Test 1, Baganang of Watering
Tast 1, End of Yyalarine

T1=Tesl1 T2=Tesl

Test 2, Baqinnwg of Vyalamng
Tes 2, End of Waterhne

Fig. & Comparmas of desolved concenteatians {pg L ' of 1eoschlareethyleme {PCE} in water sapled every 15 min trom fouceis al ile

bepinmng sl emd of the walerhor

was tesled duping the mornng (07350835 h) and after-
noon (1307-1407 h} {Table &) The test imes wers cho-
sen tordepict a relative “worst-case scenanc™ for volatil-
Zzanen of the VOCs during 2arly morning hours and a

better-case scenars” latér m the aleermoon when amr
temperalures, wind speed, and solar radialien were
hugher and pereent relative humidity was lower The

best ¢ase scenano” would have been mid 10 late-afler-
naon hours, however, all tests were conducted duning
condiiions that mwninmzed dnft from the tes! sile As
szen In Table 6, the percent Tunofl volume for the Em
Droxc 809 120 morging test was approxunately Cawes (55

vs Z2B%) thal of s aflemoon lcsl, and lhe pereent
unaccounted water volume was approximately 209 less
{42 v= 60%) wn the moming test The mos! obvious
factors that aceounted for these differences would in
clude loss of renoff yolume due o doift and svaporauon
The Emn Dor 869-120 preduced a visibly very fing mist
thal was abzerved to dnft offsite, the other mum sprn
klers dvd not produce such a muist Dot {which may
conlam other undesirable contammants) to sensilive
offsite areas would be a major factor lo consider
usmg mne-sprinklers aod may regulate Lhe operaling
vonditions under which the spoinkler systems could be
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Tubde 5. Toval muss of idchlorzeibylene (TCE} snd teirachlorscthylens (FCE) In mfluent waser during 3 1-h teat of ench iest system.

TCE FCE

' v Pt of Fercend af
Minl-sprinkler Ten Mgt Tust 1 Masat Tesd 1

HE £ 1 %
Sennlppar Mind- Wabbler 1 88 TI0 16 056
Senainger Mipd: W abbher 1 A 585 L 51 £ L]}
Fin Dor 303-120 1 193 WY a8 431
Eln Dor 8012 2 4f 10 23 19 Ml FL
Eim Lior 861-120 1 L3Z 58 a0 9N
Em Dor 361-120 i a1 ¥ 47 30 MXE 5

t Colealnicd s {ictsl velume of warer nsed] = {mean dissobred concentration), whare ihe Arst o is tha foiml namier of fiers dispanscd threugh
the sprmkler doving » 1sad (Tuie 20, aed Bee second term 2 e mean dissolved concestration dpg L") 1het wea dlapensad throngh the sprinkbar during
ihe tesL ¥or each st 1ke s was ciloulsind from e cooasdrellons e ke Bre samples 1hel were sollecisd W 1 3qmdn Intervals from 1he Bsucel
lataied ot ihe beglonleg of ke walerline [Fig. 7 ohd 2), See Flg. ¥ B Tauce] lacatlon

i TCE

g
iy A = Standan Devation
X

1800
A

:

:

;

:

8O0

800 - R

Mean dissoived TCE conceniretion, pg L1
»
b

1] ¥ T ¥
0% - Test 1 281 - Tesi 1 501 - Test 2 8009 - Test 2

PCE

T= sanaard Deviation

1800

1800

1400

1200

1000

Meuan disscived TCE concentradion, pg LF
]
=
I—I—-I]-
>
o

& T ¥ t r
800-Testd  281-Test1  B81.Test2? 509 Tem2

Mini-Sprinkler Test System

I Residues n water from faucet at the beginning of the walerdine

[ 1Residues in water from faucet at the end of the waterline
Fg. 9. Stabilay of trichloroathylene (TCE} aad tetrachlovoethybene {PCE) in the polyethylene Irrigation pipe (watesllne). The firsi dest of cach

il - piririk Jesr veset Byt before L0 b; the secoid beils were bagui afler 1127 b Withi each tesl, bars with the same lefter are nol <ighificanily
diffcrend frem ewch alher {SAS PROC ANOV A, [encaa’s mulipic range ted, « = 085}
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Table 6. YWaler balance lable, with mfluest, ronofl, collector, and waaccounted waier volumes for e 2001 lesr dates.

o LTI Tesi Tes daje Tesl imie [aflpear Runp CTolleciort Unsccounteds
[ ] il L (% of mikuenl water volume)

Sepmihger Mo -Wobhler 1 13 March D17 ={Rt52 1754 L3 (65] 1.7 58,2 M)
Seannger Min-Wobhler 1 14 Pelmpchy 101 105 1134 AL (BS)} 1.0 {1} 3.2 1M
Ein Dor 300120 L I March TS89 . L WA (25 4.3 idy £1.7 (42}
Ein Cror B¥-120 H 23 Murch 13071407 ik 168 (18} LA A it 3 1651
Ein Dror $61-120 1 I Murch INEE=1ULN usl TAL (78] 1.5 I} 197 (X1}
Ean Drar B&1-120 2 I Mnrch 1121-1227 el TEA (7R} 145 20.d (21}

t The volhume ¢f vmier wig measred o# % few oacter mil the bt of ihe rirer.

3 Toml velume m collecders & éie 1vial voleme miercegind by sl coBecion on all colomee dariag the o,

4 Yolome thet onchedes drift amd loss dus 10 evaparsiion.

1 Wimd gusts (L8310 kn b or 312 ml b ') durdng the test coused drilling drom 1he mren af e colleciors; teerefore, the dnit walar v pari of the

unaccounted volume of waler, Tha tammparsdure of one of the

water samples fromn (e colbinctars b e et of the teal was 22°C, The

lemperanpe (aken on the urtace of the plasiie lmer of the experimagial area waa 31°C a1 1407 h

operated Alhough much drftng of the water from
the Ein Dror 809-120 system was observed, a downward
direction of the drift pattern was also vasible This down-
ward drifting resulted 1 nearly two to five Lmes as
much water volume n the sample colleclors for this
syslem as compared with the Em Dror 861-120 apd Sen-
muger Min-Wobbler systems (Table &) For the Em
Dor 8261-120 end Senmnger Min-Wobbler systems,
there were only shght differences (within each systam)
in the percent of rapoff water volume o1 percenl volume
of water in collectors or percent unaccounted waler
volume batween tesls in the early or late moming hours
{Table 6, values i parentheses) The shght differences
as opposed (o lhe major dilfercnees for the En Dor
B800-12 1ests were probably due o a combnahien of
droplet sizes emutled by lhe mune-spnnklers and the
mich more divergent metecralomcal conditions be-
tween the Ein Dor 808120 morning and afiemoon 1esls

We detected TCE and PCE in 12 of the 62 samples
collected from waler lhat Bowed lrough Lthe mun-sprin-
kKlers Of these 12, § (r = 24) were from the 1 22-m-
high eollectars, 1 (o = 24} frem a O 61-mr-high collector,
2 [rom beakers on the groupd {7 = 6), and 1 from runoff
{n = 8} The dissolved concentrations of TCE were
sigmficantly higher i the 122.m-high collectors
{mean = 2892 = 3262 up L-', n = 24) than n the {61-
m high eollectors {mean = 0 275 = 0953 pg L™, 1 = 24}
(SAR PREOC ANOVA o = 005}, but not siguticantly
different al different distances from the base of the tiser
{(SAS PROC GLM, o = 003) Among the three -
speankler systems, mean dssolved concentrations of
TCE wete signihicantty higher in the Ein Dor 509-110
syslem {mean = 3175 £ 4 104) than m the Ein Dor

B61-120 syslem (mean = (0338 & 0 %35), bun there were
no significant differences n the dissolved concenirations
between the Senmnger Mimi-Weobbler system (mean =
1237 £ 1331 pg L") and aither of the other two muni-
sprnkier systems Mean dissolved concgntralions of
PCE were not signdicandy different among the mun-
sprinkler systems, distances from the base of the niser,
ot hetween the 0 61- and 1 22-m heights on the colles
tor columns

The masses of TCE and PCE removed from Lhe inffu-
ent water for each mini-sprinkler and the agnealtural
boom-type wnigation sprinkler used i the Mebraska
study {Richardson and Sahie-Demesste, 1998, USEPA.
1998¢) are compared m Tables 7 {for TCE) and 8 {for
PCE) In teoms of total mass removed {Column I} in
the tables}, the larger boom-type spnnkler removed 590
to 1044 tunes more TCE and 14 to 28 umes more PCE
as did the munr-sprinkiers However, the total wnfluend
volumne i the boom type spnnkler was 1834 (o 2832
bimes grealer than that of the munt-sprinklers and the
mnhal dissolved concentranoms of TCE and PCE were
appieammately 5 and 100 tymes less, respectively, than
those for the min-sprinkler tests This made comparnson
of the two types of irmgabhon systerns unequal For a
maore #qutable companson, the maan mfuent coneen-
tralion of the boom-type system was “adjusted™ Lo e
flect that of thc mum-sprinklers by s¢tting the mean
umfluent concentration of the mun-sprink|ets {iram Col
urnh A v the Tables 7 and By as the mean intluent
concentration for the boom-lype sprinkler These ad
justed values are shown in parentheses in Tables 7 and
% With the adjusted concentrabion value, the boom
type sprnkler snll removed more mass of TCE apd PCE

Table 7. Comparison of ke mass of tricbloroethybene (TCE) nemoved I 1 b by she mind-sprinkless awd an agricuMural boom-iype

rrigaiico sprinkler. All figures are on & per hoorly bacis.

Meam |nfuenl

Infueal valey

TCE wiigy (n TCE wiasa TCE wiass sripped

conceniraikant, valume, miERL waler L, snppedf, per L infhuent waiery,

Test system Colmmn A Lolumin B Colain C Column [ Column E

pel”! L 11 egl !
Boom-type Lk L A ¥ 61 195 (R g 136 = 10" 59
Boom-type {adjusted)d AL 52%) 261145 1™ 1Y Y = 10 {ELE
Sentnger M- Wabler L4758 = 151 {19 Faifeis 129 597 1665
Ein Dor 309-120 1502 = NIK 1214 A3 &5 JAI L) 1 454
Ew Dor $&1-120 L3 =297 L] 127 & 127 447 1 383

F The TCE thean desalved comeenitatbon frone Tabhe 3. Duin for the boom spoakler are Bom the Nebraska study caied o 1 paper.

t Column A = Column B
} Colomn C ¥ % remoral
{ Celwrmn D/Column E.

¥ ¥aluer o 1kus row wre adpasted (o reffed the minial mean concenimbon it mnEsprinklers
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Tabk: 3. Compariron of 1he mass +f (etrechioroethylene (FCE) retaeved In 1 k by il mind-spriokiers and ao sgricultural beoaetype

Irckgmilon sprinkler. AN Mpures are o & per biedy back.

Menn Inflnant Influenl waler PCE mxu In PCE mans PCE mimss sirapped
ooty ipithont, volpme wrfkienl walary, ngpedd) per L mfucni waierl,
TeM ayslem Colunh A Coluenn E Colemin € Coloron D Colann E
prl L ] ngl'
Boom-lype T4 & AT ik 165 1% = 10 192 = 1 7
Booen-lype (wdjustedyd (813} 60 148 (212 * 1% (1A% % 10} 17293
Sentimnger Min-Wabbley 30 = 144 1375 130 bl 128 RO it
Ein Der 899118 o6 & 5 1224 3 5 A 1
Eini Dir 861-130 ™ = T} 551 &7 e 5T TR ™

t The FCE mean dosalved roneentrsiion fram Table 3. Dala lor the oam sptimkiar sy om 1he Melvmcks dedy cited i Hed papar.

$ Coluten A * Colwoss B
i Celumn © = % remorval
1 Coumna DiColumn B.

¥ Valuea m ther rew are ad]osied 1o reBect e Rmilind miesn concanindbon In Uhe mibb-sprinh ke

than did the muni-sprunklers; however, the mass of TCE
or PCE that the boom-type sprunkler removed per hter
of mfluent water {Colamn E in Tables 7 and 3} was
withun 1he range of that removed by the min-sprinklers
Both systems {rmun-sprnklers and boom-type} remove
comparable levels of TCE and PCE per Iter per hour,

The mini-sprinkler systems have ment for use in the
cleanup of TCE and PCE m contammated ground wa.
ter Although the mass of TCE and PCE removed per
liter per hour was comparable with Lhal removed by a
large agncultural boom-type sprinkler, the num-gpnn-
Klers would have to run approxumately 1600 10 3000
times longer to stnip the same total mass as the boom-
type sprinkler removed m 1 b This equates to 88 1o
125 d for each hour that the boom-Iype sprinkler is
operated This dufference, however, does not exclude
the wse of mum-sprnklecs for remediation purposes In
steep areas 10 which the boom-type sprinklers cannot
be uzed orin aress in Which Lthe removal of large pround
water volumes {consider that the boom-lype sprnkler
in the Nebraska smody removed 4353 L mam™ or 1150
gat mun~') 1z prohiated, the mmi-sprmklecs could be
mstalled in suffiient numbers o regulate the daly vol-
ume of pround water that 1 removes (o an “acceptable”
level whale at the same time sttip TCE and PCE from
the water The acceptable level would depend on the
dissolved concentrations of TCE and PCE i the ground
waler, Lhe size of Lthe contarmnated plume, the hime-
frame for the remediation process, and other sie condy-
11ons soch as soil saturabion and concern for off-site
drit and leachmp of other contammanis w the soul
Agncultors 15 under tnereasing pressute from the gen-
eral pubhc and government agencies to repllale the
volume of ground water that its large boom-type rnga-
tien Systems use In some arzas, ground water bas been
removed at a rate that approaches or excesds the re-
charge rate Thus process has resulted 1n Lhe mnposing
of stt1el or ho-water usage by both nonagreuloucal comn-
surners and farmers Smaller muot-sponklers such as the
anes used in this study may provide a means to help
remediate sapte VOCs from ground water whils at the
same me protecung the ground waler yolume agamsi
depletion boyond ats recharge rate

CONCLUSIONS

This study mvestigated the potental for mm-spnn-
kler systems to sirip TCE and PCE from ground water

Each mm-spnokler system reduced dissolved concen-
trations of TCE by 99 (0 100% and PCE by 9% 1o 100%
i water that cantaimhed 466 to 1675 pg L' TCE and
206 o %0 pg L PCE This percent reduction was
pased on the highest level of TCE or PCE detected in
any obs sample for cach test system and was adjvstad
for the percent loss during a 1-h sample accumulaucn
penod Adpuzting for this percent loss, the highest dis-
solved concentration of TCE or PCE detacted in any
collection vessel was 13 2 and 23 & pg L™, respecuvely

Mun-sprnklers offer the advantages of casy setup
th senes that could be used on pracheally any 1erran,
operation over a long penod of hme that would not
threaten aquifer deplenion, use an small or conlined
aquifers in whach the capacity 15 too low Lo support large
Irrigaton or purgmg systems, and use jp forests e which
the small, iow-mpact dropleis of the mumnsprinklers
would not damage bark [n forests, trees could help
manage {via evapotranspiralion) excess waste water In
loblelly and cther pine forests that are common i the
southeastern USA, the mn-sprinkiers could be oper-
ated nearly year-round
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