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Executive Sunmtry

Thc prposc ofthis rcport is to doqment thc resulb ofa shtisticsl analpisofbockgrcund (netunlly
occuning) data (chcmical) in soils or "bacltgrourtd study'at Fort PoUq Louisiana es ur option
(Modific*ion #zrto thc original dclivcry ordcr (# I l) rudcrU.S. Army Corps of Engincas Tirlsa
Disfiicr, connrct No. DACA5694-D{n15. A btal of 120 soil samples r{crc collocted firom 64
boringr complacd at Fort Polk. 28 borings urerc cmrplacd at Nor0r Fort Pollc, 28 borings at South
Fort Polk, and cight borings at thc 45t EOD nnge.

Srmpling aptivities wcrc corduc[cd at Fort Polk ftom January 26 to Febnury 9, 1998. Thcsc
activities incldd thc collcction of surfrcc ad nrbsnrfacc soil samples from 64 borirrgs at vrk us
locatiols thrugltottt thc inslllttion" ltrcsc arEas $rGrG virfually rmaffectcd by any in*allgtion
activitics and wcrc considcrcd to bc remowd ftom any potentid Fouroes of contamination

Thp surfsoe samplcs collccted wrc analyred for organic hcrbicidcs, organochlorirrc pesticidcs, and
mctal constituenE. The shnrfacc eamplcs were urdyzd for nrcot wtrtifiartr only. Thcsc
antlyltcat results welp statistically waluatcd to dctcrmine 'background" concentrations of tlrcsc
constinrcnts in difrelent soil tlpes. This data was used to cstablish sirc-spccific backgrcurd
ooncelrtrations thn will be usd frr oomparison to oristing and frrttue soil daa colleted at Fort Polk.

Simc analytcs did show a significant diffcrcnce b*rrccn nlfroc ud srbcurfu sdt onccntrrtiong
in prwiots backgrcund grdics pcrformod at Fort Polk" and the orposure pathnays arc difrercnt for
suftcc and subsurfrpc soil contamination, suface and subsurface soils were scgregatd as wpll as
oouEe and finegaincd soil+ forthis background strdy. It is recomrncndcd ttral thcy bc scgrcgatod
for fifthcr invcstigations. Bocarse information will not always bc anailabte about the gnnnlarity
of frtturc eamplcs, UTLg and other summary statistics arc ds providcd for the combincd
gnnularities.

Diffcncnccs in metals conccntrations w?rE st*isically srgnificant betwesr tlrc finc ard coarsc-
gnined soils; fittc-graircd soils tended to have highcrcorrcanrations than in coarsc-gnincd soils.
No signiticant diffcrcnccs werc obsenrd for herbicides qr pesticidcs, though there werc fcrp

detectcd resulg for these analytcs.
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L0 Introdttction

tn Novrrrrbcn l98O Fort Polk submitted a Rcsourcc Conscnntion and Rccowry Ast (RCRA) Ptft

A pcnnitapplicationtoEPA Rcgion VI for&copenrtion ofiropor hnn/opendctonation (OBilOD)

unit and rcccirred intcrim stanrs for thc unit A RCRA Pan B, Suloport X permit application wrs

submit6d to EFA Rcgion VI in Novcnrbcr 1988 to prescrvc the intedm ststus of thc OB/OD unit.

A discd aplication was submittcd in lvtarch t993 to incoryords po*-1988 Su@t X pamittitry

requiranrcnts. EPA Rcgion VI ard thc lnuisiana pqartncnt of Enviuunental Qultty (LDEQ)

jointly issucd a RCRA Part B, Subpatt X pcrnit to Fort Polk in Junc 1995.

Under authority of thc 1984 llazadous 8nd Solid Waste Amcndmcnts (tlSWA), EPA rvas

authorizcd to conditionally requirc a RCRA Put B pernittcc to initiatc concctiw action at Solid

Wlstc Managcmcnt Units ($WMUs) and arcas of ooneem (AOCa). Thcrcforre, prior b i$uittg tlrc

opcrating pcrmit, EPA conducted a RCRA Facility Assessmcot (RFA) at thc Installation in
Ilccsnbcr 1993 to identiff all SWMUS and AOe$

Bascd on the findingt of tho RFA, 3l SWMUo and 2 AOCs wcrc taryctGd to rcquirc investigation
o ddcrminc ifthcrc lus bm any rcleasc oflrazardow con*inrots to thc cnvircnmern Ttre IISWA
portion of tlrc psrmit idcrrtifies thesc SWMUs and AOCs and contains specific requircrnents for thc
cotrcctivo action pKrccss. Thc Installation-Wide SWMU CWS) Phasc I and II RCRA Facility
Inrrcstigations (RFI) rrcre rcccntly ompletod at Fort Polk, Inuisiana and includcd the investiguion
of 30 SWMUs. SWMU 17 (Milt Creek Landfill) ald thc AOCs wcrc invcstigntd scparaGly.

l.l Sitc Dcrcription

FortPolkis locdcd inthe wstocntal portionoflouisiana, in Vcrnon Parid ncarthecommunitics
of Lcesville ad Pitkitr (Figurc t.l-l). Fort Polk ruas e$ablishod in lfil and lns bc€n activatd and
deactieatcd gewral timcs dependcrrt upon its mission Since 1960, Fort Polk has rcrnaimd an ac-tivc
military install*ion and is cunently home to thc Joint Rcadincss Tnining Ccnter and Fort Polk At
prcscnt, approximately 18,000 military and civilian pcrsonnel live within a 3-mile radius of Fort
Polk. Thc Installation has maintaincd an active Installation Restoration Program sincc 1983.

The Instatlation consists of two scpararc noncontiguouli posts: the Main Post and the Pcason Ridge
Training Arca, which is located approximately 5 miles nornth of the Main Post. Two cantonment
areas, North Fort Polk and South Fort Polk, are located within the Main Post.

f;re.|Atonttd$utdy nepn
Ft,PolI, Lotttlaru ,-l

*ctlon l.A-Inrfuion



tffimmonA

ARr(AilsAs

t
l-

utssrsslPPl

c{.F s rlEflco

2 0 0 { o
L#

scn.e lr'!3

2 0 0  . 0
H

SC{f,: lCllltlfl6

l.t-l Location of Fort Polk. louisiane

M,relvudStt4' Red
FutPolE Lauislam l-2

f;pctlort 1,0 - Inttffitott



1.2 Tochnicrl APPme,b

The pgrposc of thc Backgrcud Study uB to rrsc a statisticat approach to cvaluate and

clraractaize the difrercnt soil 6Ace thmughout ths Fort Polk Installatiolr and to dctcrminc thc

"backgrotrnd' levcls for hcrbicidcq pesticidcs and mcfals by depth ud gnililrdty. This'lsr"

nay 66 usod for comparison of both otisting thta and fifirc data collcctcd ft,om soils.

f;ockglrorlrrd$tl,@ Raput
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2.0 EnvironmentalSetting

Tlrc following scction describcs tlrc envimnmcntd ecning of Fort Poilq tauisiana Tlrec discttssions

rrcrc compiled fr,om c*isting trrSallation rccords, publishcd litcraturc' urd prwiotts rcports'

Ll PhYrtognPhY

Fort polk is locatod in vcnron paristr (rvest ccntal louisiana) abou 6 miles eortheast of Lcesviuc

Louid.m (FigtIc 2. I - l). Thc Arnry insa[ttim enadltpasscs ryFrudnatcty I 5 u80 scs of wtriclt

almost Ei,000 ao,s lie within thc Kisatchio National Fortst in a rolling hill setting covcrcd with

rccord-giowtlr timbcr (u.s. Arnry Environmcntal Hygrcne Agency, 1989)' ThG lad surfrcc

cleration rangcs &om about 250 fcct to almost 4fr) fcet abore mcan sea lcvcl (u.s. Army Corps of

Enginccrs, JutY' 1985).

Thc clinme in the arca is gcnerally mil{ with winter tempctraturcs scldon less than 30 dcgoes

Fat[enhcit (F) and summrEr tcNnperaturcs seldon morc than 95 dcgEes F The avclage ninhll is

about 54 inclrcs pcr year urith thc grcatcst prccipitation gcnenlly occuning in May and thc lcast

oocuning in October.

22 Sut{rcc Watcr

Fort polk is situatcd on a local topognphic higtr, and surface drainagc gcncrally radiatcs outward

fiom thc lrrstail*iou Thc principat strcams in Vernon Padsh incltrdc the Calcasizu River, Bayou

Anacoco, and Bayou castor (Figurc 7.2-l). Two reservoirs,I.alcc vcnron and Anacoco l"ake' atG

locEtod in the Beyou r{nacoco dninage basin b thc urcst rd northupgt of Fut Polk (USGS' 1989)'

Thc Sabinc Rirer forms thc uesrcrn boundary of Vcnron PariCr as part of tlrc Louisiana-Tcns ttaa

line. Sevcral pcrcnnial crcctrs flow southward from Fort Polk and are tributarics to largor s$!ams.

Thcse pcgnial crecks includc Drakcs Check and Whi*cy Chitto Crcck. Surfacc drainage fiom

the Mill crEck Lurdfill flows into Drake's crcck tributarics to thc souttr and urest and whiskcy

Chitto Crcek tribuurics to the north and easl

some of the low-lyir8 arras in flood plains arc usually inundated to form $mmpy arcas' scasonal

springs urd sceps are also rclativcly oommon near the base of hills at contacts betwecn underlying

clay strau and overlYing sand.



ffi

Figure Z.l-l Physiographic llap of Fort Polk
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Figure 2.2-l PrlnciPal Strcams at Fort Polk. I'puirlana (From U.S'G'S', 1989)
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23 Soib

Witlr tbc cxccption of ocposcd clay soils in the northcrn one-third of thc Fott Polk area' thc cntirt

sr'f8cc of Fort polk is mantlod with a nn4raincd sard toPcoil (J-S' Army Engircels Watcnrays

Expedncnt Station, lyts). Ilc sand topsoit is undcrlrin rt vdying depths by sandy clay that may

U-rocatty trndcrlain by frm.gnincd srndstonc or siltstonc. A relativcly thick laycr ofplastic clay

oosurs at thc surfacc or at a shallow dcpth below the zurfacc in thc mrtlrcrn on+third of Foil Polk.

srcam fld plains arc prcdominantly silty and sandy soils that arc undstain by silty clay.

Fortlrcmostpart llrosandy soilsofthe FortFolkareaarsncll drdnc4cflatittgcrcsimd problcms

(unitcd Sutcs Soil Corucrvation Scryicc, 1994). Soils of thc flood plains artd lor sEcam tsFaass

arowell drained thowlFut mostof thc ycar,butmay becomc smfacd rndsnsin poorlv draincd

for prolongcd pcriods dtring thc niny scason'

The Geologic unis that gcrrerally occur within l([ fect of thc surfacc in tho Fort Polk installuion

e* a," auarcmary auuvial deposits urd the Bloune qbc* and castor Chock Menrbcrs of thc

Mioccnc agc Flenring Formation. Figurt 2.3-l shows thc areal sxtent of these uits'

f*tfat Louitittq 2'1
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3.0 Methodologt

Tlris sction d€scdbcE thc astivitics complctcd during tbc Backgrund Sfidy ficld cffo'rr A total of
df soil borirrgs *rre completcd to a modmum dcpth of l0 fect belov gmund $Efrcc (bp). Fmm
*h of tlrcsc soit borings, onc nrfrce soil sanple (0-2 feet bgr) *es colloctod and analfrcd for
pcsticides (EPA Tcst lvfcthod 8081), hcrbicidcs (BPA Tcst Msthod tlsl), total mctals (EFA Tcst
M€{H 6010) and mescury (EFA Tcst Mcfhod 7471r. A scood sarnplc rpas oollcctcd fiom a drynh
grcatcr than 2 ftct bgs and anslyrcd for total metals (EPA Tcst !{etbod 6010) and mcrcury (EPA
TGst Mcthod 7nD. A total of 120 soil samplcs nrerp collcqod and srbrnittcd for chcmical snalFis.
Eightofthc subrufipc soil samplcs wercinadvutady discardGd druing unpling(plaocd witft soil
crdringF in 55-gallon druns). Ttrcse samplcs urcrc all scood idcnral ranrples; thrcc $rcrc chssificd
as fatclay (CfD, and five werc leanclay (CL).

$oil sarnple collcction followod thc gtandad opcating procedrm (SOPs) inoludcd in Appcodix A
of thc Backglound Study for Mctals, Pcsticidcc ad Hcrbicidcs tltorkplan (Ocfiobcr 197). Soil
samplcs collectcd from th€ bodng locations arc shovm on Figurcs 3.1-1, 3.lA,ud 3.t-3. Thesc
arcas wcrc sclcstcd under the assmption that thcy werc unafrected by installation activitics and
opcrations and thereforc would r€prcssot chendcal conccntnrtions nativc to soils in the arcas.
Quality Assurancc/Quality Conuol (aA/QC) samples urcrc collected in accordanoc to rhc Chemical
Daa Acquisition Plan (CDAP) locatcd in Appendix C of the Workplan.

3.1 Field Srmpllng

Ficld sampliry activitics ircludcd thc collcction of srfrpe ard subsurfroe soil samplcs for ctpmical
analysis. The o$cctives of the ficld sampling ww to collcct samples from soils at locatioru
gogr+hict[y distrihnul tbtoughout Fort Po[ md away ftom potential sourccs of contaurinmion.
The samplittg approach rnd matrodology of thc Baclcgrcund Strrdy was dcsignod to rcplicate thc
sampling approach of the PhasG I and Phase II RFl. Becausc of this, surfacc soil samples rrcrc
collec*d ftom thc 0-2 foot bgs intcrval.

The soil boring locations were selected with consideration of thc following:

r Upgradient topographic location with relation to SWMUs;
r No visible evidence of contamination in the surhce or subsurfrce;
o Distence from production arca sources and pasl wasc disposal sitcs;
r Favorablc access for drilling equipment; and
r Abecnoe of physical obstructions (utilities, etc.).

bfurcundMyRryd
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Rsdian and Fort Polk pcronnel joinly dstffninod thc position ofsll ofthc samplhg and borcholc

locations in rccordancc with thc wortplan.

3, Flcld Prcccdurcr

Alt ompling, samplc bandling; oquipmcnt dantamirutioq and docttstcntation urcrc pcrformod in
aocordancc with dre SOPa locatod in Apperdix A ofthe gretgottnd Stttdy Wo*phn. Soil boring
logs wre crcated forcach boring. Becarse of th lcrryth ofthc holding timc for the subsurfaoe soil
samplcs, thc samplcs rrrrc kept on icc (i.a < 4" Q until all sanplcs wtrc collccted. At that timc n
lcast orp subsurfapc samptc fr,om each bodng was rclcood for analysis. Thc tbdcgy was frl collcct
cigbt samplcs fiom cactr of tbc six soil 6rpcs aommon to this arca (CH, CL, MI. Sq SM rd SP).

3.2.l Surfrce SollSrmplcCollcction

Surftce soil samplcs u'cre colle*d from within the first 24 inchcs of tbc soil pnofilc rsing a Direct

Rt* Tccbnology (DFT) drilling rig. Sanrples rnerccollectcd ard ontaincriad in accodanoe with
thc CDAP in the Backgmurd Stttdy Worlrylan.

3.22 Subsurfrcc Soil Stmple Collection

ThG DPT borings were advanccd to a modmum dcpth of l0 fect bgs for the ollection of soil

sarnplc. Thc soil ramplcs urere collcctcd to give 0re widcst diqpesion among soil tncs thu rrtre
possiblc. Seventccn fat clay (Clt), seranrtocn lcan clay (CL), coven silt (ML), eiglrt clayey sand
(SC), fivc silty sand (SM) ard two sand (SP) sarnples werc colleaed urd submittcd forchcrnical
anatysis (trbles 3.2-l ard 3.2-21. Samples wprc collcctcd from abovc groundwarc aad in
acaorrdrnoc to thc CDAP in thc Worlrylan, Thc bordrolcs ntrc contirurously toggcd by e geologilL

Tho boring togs arc locatcd in Appcndix A of this rcport The boreholes wcrc plugged and

abardoned wing bcrrtonitc.

3.23 QA/QC Sample Collection

QA samplcs consisted of ficld samples collected in thc samc type of sample containcrs and in thc
5nme man1rer as thc surfacc and subsurface soil samplcs. QA soil samplc duplicates (1070 of
sarnples) wcrc collectcd from tha samc, homogenizcd soil samplc as the field samplc. QA ssmplcs
were shippcd o the USACE deeignated labomtory (Environnennl Testing & Consulting Inc.) and
analyad for the same laboratory parametcrs as the field samplcs.

Barl$roud$tr&Report
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o Ficld @ samplcs rucrc collctod and consistcd of scvtn drylicatc samplcc (1096 of samples)' four

oquipment bhnks (5% of sarrrplcs), five ruhix spikc/matix spikc drplicarc (MS/IvfSD)(5% of

ra6ples) sampla ftom thc sur&cc, and fotuQQ samplcs from thc grcatcrthantw fcct b$ dceth

(sgbsur&e sanrples). A bal of ssventccn soil drplieatc, cight cquipcnt blanlq and ninc MSAffID

samplcs ucrc snrbmimd for artalyfis. Soil sarrplc duplicrtes r*trc coll*tod tsfltrg ttt€ samc mcthods

rsthcoriginalsarnplcs. Equipncntblar*snrcEcollectodbypouingTncllRcaga*Ctndcl\|arcr
oucrt6c sanrplingdcviccs Sc. shovelq spoons, borls,ardsarnplc baucls)and hmsfcfiingthc weH

to a safirple botfle. Field QC samples wErt scnt to the Rrdian laboratory in thp sanp container as

the slriprnent for the normal ficld samples.

tufurana&Uynepil
FmPok lanElam



1.0 Baelcgrowd Study Evaluatlon

ThG Satistical mdhodologgl follourad in this bae.kgrurnd investigation was laid our in thc Fort polk
Brckgrcund Study Evaluation Frameulork and follorvs standsrd EFA gui&ncc for Rcsoue
Conscnntion and Rmvcry Aet (RCRA) urd Comprchensivc Environmcntal Rcsponsc,
Compcnsuion ad Liability Act (CERCU\) activitics. TLc sfialisticat appoactr for fris citc qpeific
hckgpuDd cbanctcrization consisbd of two primary activities:

Inltial Data Rafiew
r comparison of baclcgroundconccntrations !o btad( conccnhations.
. Comparison of norrnal licld samples to thcir concspoodirg field duplicatcs.
o Ortlier cnaluation of background dara.

Statistlal evalaatlon of bacfuroud data
r comparisonofconccntntions among soir ganurarities and d€pors
e calculation of upper tole,rancc limits (ur[s) and zummary statistics.

Backgrourd sample rcsults wcre compared with the rcsulg of blank samplc lrsults o dctcrmine
uilrahernaturally occuning conccntalioru coutd bc resolw4 given thc field and analytical sydcm
rcisc. Both the blank data and the background data were cvaluatcd for outliers.

Baclqruund'lnta werc crnluatod to determine whahcr significant diffepnces could bc rcsolvcd
inrong samplc dcpths or soil granularitie* Thc apprcpriae 95%t95VoUTL ad summrry str.ri$ics,
including tbc sample sizc, mcan, modian, minimum, meldmum, and a one sidod 95% upper
confidcnce interrral on thc mcan, werc thcn calculatcd.

Sunmrry of Avriteble Drtr

The objcctivc of the background sampling tu b ddcrrnirc thc corrcenuulm of ntndty oonrring
rmlg oryenic bc{bicid6 8td or$noctr|orinc pesticid€e in soils rt Fort Polk" This data rnay bc.scd
dttrins subsquent investigations o distinguish bctrrccn clernred conccnhations atfibubble to
potcntial rcleases urd typical local concentrations. This sction presents a summary of thc availabte
&tE used in the background investigation.

The soil tlryes nrere classitied irrto tno classcs of gnnutarity. SP, SM and SC urcre classifiod as eosrs
grainod, CH' cI4 and ML were ctassified as firc-gained. If turo soil typcs arc indieted in

Study REpr,
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Tablc 4'1-l (o.g.' MUCL), tbir indicates $at tbc soil ranple rryas of a combination of tho turo soil
tylcs' The prudominant soil typc is tistod first Thus, MUCL cxhibits rnorc charastcristics of MLtpc $il thatr ct typc soil. Tlrcse nirtod roil types gnnuluity wqe classifiod aocording to tGprcdoninsd soil type of thc eamplc. An aflmrtr was nudc to collcc{ srmplcr rcpresentativc of allof thc soil typcr cncountsod at Fort Polk. All normal dma *aitabte for thc tadrgtound
irvcstigation is showl in Appordix B.

L2 Idtirt Drtr Revlew

Tbc follorirg activitics wcrc paformod as prt of thc inital dals rwiery and arc dcscribed in tlrcfollowiqg oub.soctioru:

Rsview blank rcsults for outliea;

r coqrparc ba*gmund consftations and blank conccntrtions;
o Rcviewduplicatcdaa;and
o Rcvienrbm*groundconceotntions foroutlicrs.

42.1 Evalurtion of Blankr Drte

Bla*s arc artiftcist saurptcs dcsigned to decct ftc introduction of ontamindion or other artifrctsinto the sampling and uralytical process. ftis is an espcciaily important rolc in mcasurcmcnrprcgrans inwlving traeterrct anatyscs lvfed tfuils arpoccd dr'.ub 0,ocn6.oetrr*snud analytical mcaltucmcnt tochniqucs in thc sunc m|nncr rs investiguira field samples, rtldpovide an indication of systerratic conamination whosc root cartsc may be Drc'aratim ormcasurcmcnt systcms' whcn cvidcncc of contamination is indicated by blurtr valucs abora pne-Gsablishd lercls, conuctirre adion is initiatod to identi& and crimirrarethe sorrccofcontamination.

fruipment btank sarnptes arc collocted by poudng rcagcnt gade rrrate ovcr docontaminatod fieldcquipnrcnt Thse are no aoocptanoc criteria for equipmcnt blurk resulu. Equipnent blanlc plwideinformation ryandirl8 both field ard laboratorycontamination" but are rtr ueed to*.onEol-cither thcsampling or thc analyicat ptoccsses. Rathcr, results fhom oquipmcnt blanks are comparod to fietdcorrccntrations to identis interpreXation issues.

FurPolk Lottlttam &z &rdrEwtdtm



Trblo*1-l
Brckgmund Stndy

Soil llrpcr
(Contlnuod)

Soll
Borfng
llumber

Flret
lntclval
Oepdl

Flrut
Intervel

8o[ fype

Second
Inbrvel
Dcptrl

Second
Intcryel

SollType
sBol v -2 ' SM z'.-4' SM
sB-{n 0'- z SM 4 ' -  d 6I,
se03 v-2 SM 6'- tr CL
s&04 0 t - ? SM t'. l(} CH
sB05 v -z' ML T-4 ML
SB.{K g-z ML 4 ' -o SM
sB-,07 t l  -2 SM 2'-4/ sc
sB{r v-2 sM/sc l ' -  I0 ' CL
sB-09 v-z ' CL ?:  -q CL
s&10 u -7 : CL 4 ' -  C CH
sel I v-z CL c- t r CH
sB-r2 v  -2 ' CL E ' .  l 0 sc
sB-t3 v -7 ML 6 ' -  g sc
sB-t4 o'-z ML 4- 6 ' ML
sB-t5 v -z' CL t'- l(y sc
se'16 o-2 CL 6 ' -  8 CL
sB-r7 o'-2' ML E',- l(} CH
SB.IE IX -2 MUCL 6'. t ' CL
sB-t9 g  -2 ' SM 4 ' - 6 sc
sB-20 v-z CL 6' -  E CH
's&2r l t ' -z CL 6 ' - t CH
sF22 v  -2 ' CL T-4 CL
sB-ui v -2 CL 4 -6 , ML
sF24 o' -2 ' MIJCL r -  t0 SM
sE-25 v  -2 ' SM/CL 4 ' .  f slt/sc 

-
sB-26 g  -2 ' CL r -  t0 sc
sB-27 O'-z CL 4' , -e CL

0 ' -  2 ML z' -4 ' ML
sF29 u -2' CL 2'-  4 ' CL
sB-30 u-2 CH 4 ' -g CH
SB.3I 0 ' -  2 t CL 6 ' -  E CH
sB-32 (v -? CL 8- t ( y CL
sB-33 g  -2 ' MUCL l ' - 6 ' CH
sB-34 o ' -2 MI,/CL z ' - ( ' CL

StredrEwrltpiloa
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ThEbh{.dataforthisprujcctwtreanlurcdrrittgstalfulicalanlpcstobcncrrndcnErt troradom
and srematc "troisc' in ttrc samplittg &d mlylical sy$cms. Thc poptation of nrllrod Uank rc$lb
pnovidcs an estimate of thc nois of thc mca$rcmcrrt prooces. Noise of tbc mcrsurcrueut pNDacs!
includcs low-lcrd aontamilants fioru samplc prqpdation ard ualysis as rrcll as randon nois fiorn
elcctonic cigruls fion th ingnrnintation In a normal disuibrnion ofblank dda, a cignificant rurnh
of blank Eprsurer[cnts will pmducc values gtca&r than ao (N"d at tinrs grcatcr tlun tbc trcdrod
dcficction limit). As a rcsull pop{atione of method bla* Esntls can bc used to cslablisfu a ruga of
low-lad ralus that rtprcscut rncasuruncnt of noisc. Thc uppcr tolcrancc limit (UTL) of his range
can bc *rtisticalty gffiatod and tmd as a *limif for thc amount ofmisc crtrccid ftom tlrc rtrlytical
s5Nstcm, It is also nsod to dctcminc whcrhcr samplc rcsul8 arc signifcailly diftredt fro!! the raoisc
rtetescnrcd by thc bltnl( rcsults. Similuly, combinod cquipmcd rnd nctM bhok UTI* carr be
calculatcd" By oomparing thc oombinod UIL E d tbc mahd blnn& LIII", it cm bc daerrninad ifrhc
sampliag cffort oontibutcd to thc osall sampling ad andytlcat ryffi rrcicq and ifthc rcsutB of
stutplcs totr tbc sitc arc significantty difrercot from field d *tyoot noisc. For this rcpqt,
cquipnmt blank rcsults rrarc compared to method blank UTLs.

Prior to computittg blf,tk tm.s, graphical displays of blark data urerc snrdiod and an ornlier ftuhntion
uns pcrformed. Thc outlier cvralution rncthod is coruistent with fir* applid to thc bcfrgrculd data
ad isdescribed in Scction 3.3 bclow.

Thsc urcre ttrrce equipreot blank sanrples tlru stnurcd paticrrlaly high oorrcernrafiors of alt maals
TlFsc samples arc identified by lile ids 6ltl02l$29, 6lE2mt&30, ad 6lE2Ul0-31. Tlp* po,igb
fudicanc ilral tlsc may b high variability in tho blank data, indicatrry E high level of 'boi*'in rhc
srmplittg and analytical proaess. This high Eriability nay naltc it morp diffierlt ro distinguidt
bec&gtound ootlocntrNtiors from noise. The cftc{ m drc baclqpwd analysis is a potartiatly clevand
blank UTL As ares{t, sonrc inorganic aralytes may bc iUistnguistrOte fiom (noise', duc pimuily
to &e thrce anornalors rcstlts.

Influence of these poinn for particular analytes arc discrrssod belonr, (Xhcr than thcsc tlrre poin6,
mdhod and equipmant blanks qrcre similr. The blank data nrre combinod for stgtistical anallrsiq btrt
due to thc thrce clcvatcd cquipmcnt blank results, scpsrarc UTLs and summar)' satistics urcrc also
PrcPad for mc0rod blanks alone. Summary sadstics and upper tolerance limits for btank drta
(combincd equipn*nt and mctlrod blanks) are girrcn in Appendix C, Table l. Summary strtistics for
m€thod blanks data only are available in Appendix C, Table 2.

fuE'w/rrd$tc,dy Rept
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12J, Comprrton of Bac*ground Rcrulb rnd BhnkRcrultr

gr*gound sample results trErr comporod to both tlE edined Hdr UTII ed b thom# bhd.
UTLI b dcgnrinc urhidr sarnplc renrlts, ifann are oatislictlly indistingui*ebk fiom th poplation

ofnrabodardcqrripiltcorbhnl$. SanplcrG$ilEtbdaestaidicrltydiftGtffiotrtUtnkeoputtfiots 
-l

(i.a, gpater tbm $e btonk UTL) rrc midcred O bc rcpcuunivc ofetbl sitc coDdition$ wfie )
rrErluthatarcstrtisticallyinfi*ryui*uUcftornbcblankpoplaionarccorsfolctcdfudistitrguf,*rdrlc
fiorm srmpting and analytical misc. If sr mly& *ofllod m rrrulb grcar &fit the coutbimd blank
Lm4 tctcerlrr forthd lndyte rrrc mprcd to lhc rdrod H&k UIL b chsrcEia ry cfrct
oftb thchigb cqnipatcnt bhnl(rcsult!. Thc oombined blsnk UTls orrdaid on @lots oftbc doa
ar shorm in Appsrdix D, ard govidc a gnphical fudication oflpw ttr hclrytound ramphs omparc
b thc'hoi*" in the syucnr. For amlScs $ftorc m samphs ue gr€dtcr thrnthc blank Ufi,, theb
prlcooo ia brclgtud uraplcs Wbc dcmottralcd fiilically. n*pudcffiaimr for
llrcsrody'lrs erc wi$rinthc mnge of sarnpltngadanalytical noisa

Basd on thc graphical and statistical amlysis of the Uactcgrcund ad blank dari, thc followittg
corrclusions wrre driavm for backgrcund surfacc arrd subsurfrce soils.

Sur{rce Soils Renlts

e;@rrrc Grandrity
r The following inorganics had concentrations indistinguishablc ftom combin€d blanlc

corpntrations indicating that drcs nafilally oc.uring conccntratiom cannot bc resolvd with
ttre anelytical mcthods tlrat arc specifiod. Thesc are rntimonn bcryllium, molybdcnuq silvcr,
and sodiun. The frct thd ttrsc aaafyas are indisirtguishablc from thc nois in thc systan could
bc due to elcvated combincd blank UTI"s for inorganics duc to thrEc uromalors rcsulb (see

discussion abovc). Antimony, silucrrod rcdir,m rrc indirtingui$t$h &om lb rdtod bltd(
consen&ations as uall as the combined blank conccntations indicating tttat tttese thrac analytcs
arc truly indistinguishable fiom sampling and ardyfu toise". Honreraer, baryllium ld
rolybdenum can be distinguishod ftom the method blar* conccrrtationg but not from combirrcd
blank concenuations, indicating that the tluce anomalous results may have elcvatcd thc
combined blank UTL.

r Thc following organics had conccntrators iadistinguidrrblc tom mmbinod hfank oonecm*im*
indicating that ubiquitous conccntntions cannot be rpsolvcd with ttF analldcal mcthods that art

specified. These are: 2,4,5-T, 2,4,5-TP (Silvcx), AldrirL Dalapon,4,4LDDD,4,4'-DDT, 2,4'D,

bcEMStu& Rcptt
FttPolA IntEtuu
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Dicanba, Didrluoprop, Dicldrco, Dims*, Brdsulhn I, Endrin lktone, MCp.\ MCFF, dcln,
BHC, rnd gsmm&BHC.

FttnGranulutly
o Fino-grainod cmccntrltims urcre grcatcr than oombinod bhr* UTk for atl inorganic @'stit'n,.

Thtts'nerlllilyooonirrymaak OrccnEations inbackgtourd grrficc soihcqrld berceohrodwith
ttr analyti€al rncthods spccified

r Thcblloring organicshad oonccntrations irrdisdnguistrable froan oo6birpd htrnk conmaairrs,
fudicatiltg ubiquitous aowtrations cannot be rcsolved with ftc analyticat mtbo& tld arp
ryccifFd" Thcsc arp: ?.,4,5-T,2,4,5-TP (silrur), Aldrin, chlodarc, Ihlry4 4,4'-DDD,4,4'-DDT,
2,+D,Dicamba, Dic'hloroprop, Diddrcq Dfunscb, Endosulftn I, Endo$Iftn It' Enftin Aldchydc,
Hcphchlor, Hcptachlorepoxidc McpA Mcpp, Mircrq Toxaphcnc, alptu-BHCcrunm+BHC,
alphaqrlordanc, and gamma-BHC.

Subrurfacc Solls ReulE

CwseGmruIa f i t y
r Coanc-gninod corrcentratiolu werc grcahr than combinod btank concenuations. Thgs, natrrrally

oconiry concentrations in background nrbsurfam soils could be rcsolvod with tle urd)rtrcal
msthods qpecifiod.

r Bcrylliurq molybdenum, silver ard sodium hnra baclgtound oonccrrtsttions rhat arc
fuidistinguisttable fnom combinod blank conocntrations irdicating thEt aerry ffiib
oolEnhstiotEcmnot be rulolrcd with tbcanatytical rnethods thdare sp6ifiod forthcsofurorgaic
cotl$ittffits. Thc frct fiat thc$ soal''tEs ae indiginguislublc frromthc noisc in tbc sywn co'ld
bc due to clevrtod combinod blsnk UTIs for irrcrgonics duc to tkrc arromalous resul6. Silner
ad sodium arc indistinguidrablc fiom thc mcthod blanlcconccnurtions as trell as thccombincd
blank concentrations, indicating thatthcs hrc anabrt€s are tuly indistinguishablc firom sampling
and analytical 'noisc". Howevcr, beryllium and molybdenum can be distinguishcd ftom thc
method blank conccntrations, but not from combined bla* conccntrations, indicating that thc
threc anomalous results may have elevatcd the combined blank urL.

Fine Granularity
o Fine"grained concentrations w€tt grcat€r than combined blanh csnentratiom hr all anrlytcs but

sih'cr. Thus, naturally ooctrning concentmtioru in backgound zubsurface soils could be resolvcd
with the analytical methods specified.

MyRcport $acttutl.O-
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. Sihcr rras the only anatyrc b have ba*ground cowrbations indistinguisbablc frrom combinod

blanl cormtrations indicating naturally ocsuring aonocnuations cannot be rcsolrtd with lhe

analydcal nUlrods that are qpocificd The fact thtt lhesc analytcs arc indistiltgttishablc fiom thc

nois€ in the system could be duc b clcratod combincd blank UTLI for iuorglnics dttc to thrcc

anomalous rcsule. Honcrrer, silvcnwas irdisirUUislublc firom lhe me[hod blankooncenndions

as wpll as thc combinpd blrok conccntratiorrs indicating that this uulytc is truly

indistinguishablc from sunpling and mal)'tlcal 'hoisc"'

4J3 Evdurtion of DuPlicrtec

Dr$icarc samples arc dcsigncd to providc c*irnAcs of procision Prcdsion is a mcasup ofrgwncd

among individual measurcmcnts of thc samc propcrty madc urdcr prcscribed similar oonditiom.
gr1rplicsfi€ field samples art uscd as indicabrs of orrerall ntcaslrcilrot daa pmision. Thc amlysis of

drplicilc samplcs iwolves repticuing saurple oollosrion (atd tltc associatcd sample handling

activitics), as well as thc samplc prepantion and amlyris. Prrocision csrimatcs based on duplicuc

sar4pla resuls incoryoratc both sarnpling and analytcal vuiability.

From graphical evaluation of field duplicate drn rrcrsts iu nornsl field rcsult sevcrd soil botittg

loetiots r*rrc identilicd as unu$al. Soil Boring 15 (SBl5) shous thc ficld duplicate rcoiltmudr

largprthmthcMrtalrc$rltfor scvcral analyts: arseniocadmiunr, cluonriun\ iroG rmlybdcrun''.trd

lead. En&in shonr orp tocation, SB3, whcre the normal rcsult is mr*l biggcr tutl thc field &plire.

L€ad and sodium show ficld drplicarc results mrrch gtatrr than fic normal for SB4l and SB25

rcspecnivcly. The frrmca of ad Ur3e Olrycelr docc not it4ly tb fu Udeolne &n o

iffi1pat nr$rcr trsy aegFs a largo mnt of mca*ma iryrcddotl In gcncnl, thc &la usd

ftrtEbackgroundsfrrdy(rlrenonnaldab)rrraelourcrthanthcficlddrplicaf results. Thismeansthat

tlpcstirn*cs of background datawill bc, if anything, morcconscrrtative(ic.,lorcr). Tlpdiftrm

benwr sonro ficld duplicates and rrcrnral samplcs indicatc that mcasurcrnent crnr fot idividEt

samplcs may 5l9 high. This impracision will bc rcfleced in the rariabilif of thc datq and may tcstlt

in rcal differcnces in ihe data being obscurad.

@
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12.4 OutlierTcrting rnd Grrphlcd Drtr Rcvicw

Botplots of thc raw backgmrld dau n'ere Fparcd and ud to corduct outlicr te5b b idcnti&
anomalous tcsults. Box plots rc uscfirl graphical tools for disptaying thc ccntnl tcndcncy a1d
vadability of dm distibutions. The bonplots slroun in Appadix D urcre rscd to id€ntig potcntial
orrtlicrs and b chardsia thc variability of ilrc data In thcsc boxplotg daa poirG futlpr ftl11 l.j
timcs the irter4rurtilc raqge distance fiom eittrcr thc first or third qrurtilcs are sbown as asnerists.
Datr poins thd rrrerc firtlrcr thatr thrce timcs thc interquartilc rangc fiom cithcr thc first or trird
tlttulilcs wrc labeled as potertiatly externc ou0iers. An outlicr lcst (U. S. EP.t l9S9) was perfornred
o tw poantially c*ftrnc outlics to detcrmiru if ttrcy urcre satistically ditrGtcd tom the rc* oftlp
backgtottnd samplc poFrlation. Thc outlicr tcst uscd creatcg a tcsr statistic rvtrrc F oO s rc thc
mcan and stsndad dwirtion of all ohcmatioru, and )( is thc suqpccbd outlier,0rc ntfi obser16tion
wtrco obsvations arc ordsrd smallcst b largcst

T, = (X.- X) lS

Thc tcst statigtic, T* was oompared to tablcd ralues found in Tablc 8 of thc "Statistical Analysis of
Gound Waer Monitoring Dala at RCRA Frcilitid', (U.S. EPA | 9S9). If thc tesr statistic rras grcdcr
than the tabld value at thc 0.05 level of significance, it was labelod as significant Eactr potential
outlier that unrs significantly different fr,om tre rcst of thc backgrcud population accoding to the
outlier estrvas revieurcdto detemrine whcth*causcs could be id€mtified thatvoutd spportranoving
thc ottlier fiom thc backgrourd data sct Outlicrs rrcte also rcvio*cd by sarnple nurnber to dctErminp
if any location(s) produccd multiplcoutlicrs, rnaking it a quetionablc background location.

Two locations shonred an rurusually high numbcr of statisticat outlicrs (i.e,, multiple analyrcs lud
outlictls for ths tun locations). Subsurfacc rcsuls u SB44 ad Sgrface rcsgtts at S8-36 alt shorr.d
a high nunrber of outlicrs (l I and t6 rcspoctirrely). Horevcr, norp of thc samplcs idcntifiod as outliers
by the tcst dcscdbcd abovc could bc removed for an asignablc caus. Ttrercfolc the ralidaed
analytical results forall the normal soil samplcs collccted wcrc rclained for furtlrer statistical uralysis.

4.3 Statisticd Analysis

Statistical analysis of the background sanrple results consistcd of rhe following steps:

r Evaluate the cffecc of soil granularity on soil concentrations and erraluare statistical ditfercrrces
betwecn surfrce and subsurface soil mncentrations.

EskrcurdSrudyRcWt
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Dercminc thc $afisical disfiibution of bae*gound constinrcu,orsrgatiqrs fs eh wrmitucat
in nrrfrce and subsufarc soil.

Calculate 95% uppertolcrance limits (IJTLs) and additional $mrnary statistics (e.g., mcars and
95% qpcr oonfidarce limis for the mcaus) to be usod fu dcunrining pcsrccfag*re and naooG
and qCcrrtof contamination fq frrtnrc studics.

Each ofthcse strys in the data analysis process is described in the following subsctions along
with adiscussionofthe daa repofiing usd forthissndy.

{3.1 Datr Reporting

As rcquircd B the Background study Evaluation Frarrewor*, an uncsrsored rcporting conrcntion
uas used for all bachxound study analytical results. Unccnsorcd data include all instnnrrcnt
rcsponsc ralncs. Numerical rcsults at€ nqfer ccnsor€d at a pre+hbtishd nrlrc (ag., instnrurmt
dctection limit, projcct-rcquired reporting timiq ctc.). For somc analyttcat proccdurcs (ag.,
inorganic methods) thelp is always an insturnrnt rcsponsc and sometimcs thc instn'ncrrt rcspotrsc
is ncgEtiw. A negntivc unccnsored value docs not idicatc a ncgatirrc concentation. For practical
applicatioq negativc analyticat rcsultr (and calorlatcd statisticg including LITI^r) carr be intcryrctcd
as rcsulb that are at, or vcry near, a conccntration of zero,

Bccausc of diffcrenccs in methodolory and instrr,rmenutisn, negatirrc valgce flG not rcported br
ot$nic ualytical procodures. Ihta frrom tlrcsc procedurcs are rcportcd as ND, mcaning tlrcrc is no
mcasurable instnrmcnt responsc. A proxy concenbation wilt bc catculated for ND results ruing
rardom uniform numbens bet$,Een zcro and the method dctcction limit (MDL) or thc tourcst (below
MDL) result reportod.

Thc ttso of negatirrc results for inorganic oonstifi&nts in stntistical calculations conuibutc h morc
aocuatc clrurctcrization of background conditiors than the use of proxy'ooncentratioru s'ch as on+
halfofthe dctection limig a random number betwecn zem and the detection limit calculations that
arc madc rsing ccrrsored data bias the mean and the standard enor ofthe data set because infonnation
about rariability is distorted (see ASTM D42lG89 for further discrssion on this topq. Based on
these considenations, uncensored data were setectcd as the most appmpriatc reporting convcntion for
use in the statistical craluation of background concentrations.

whcn using the summary statistics and UTLs contained in this report for future applications, two
major factors must bc accountcd for to avoid potentially malcing cnoneour conql'sions. First, data
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to bc compued to lhc bockgrotrnd values must be frottt cottcsponding enviroruncntal mcdia urd
acquirrd using comparablc sampling ad analytical methods. Socond, dEta to bc comparcd b thc
bsckgpund valucs should also bc repoted in the samc uncensorod convcntion.

132 $trtirticdEvrluation

A Btstistical analysis was performed to cvaluatc whcther physical sample charactcristica luvr a
significant cftct on mctals conocma$ons in baekground sufacc ud rubst&ce soil. Surfrcs and
subsufac€ soil was evaluatcd on tbe basis of six diffcrent soil tpes [i,a, clay (CH), silty or rady
clay (CL), claycy silt (ML), clayey sand (SC), silty sand (ShO, and grurelly sad (SPr] classifcd
into trpo granularitics [finc (CH, CL, ML) and coar:sc (SC, SM, SP)!.

Statidical aoalysis of rrarianccs (/$tOVAs) were pcrformed for each anslytc to tcst for stntisically
significant cffects of soil gnnularities within each depth (sufaoe and subsurfrcc). AI.IOVAs u,Er€
also performed to determine diffcrencss baurcen srfacc soil and subsurfaoe soil concerrtratioru.
AI.IOVAg werc per&rmed for cach analyte sepraaly. Thc analys werc prfurmod in thc

following manner.

AI{OVAs werc performed on the r:aw results, natural log ransformcd rcsults, and the n*d
rcsults.
Residuals from thesc AI.IOVAS rryerc evaluated uing the Shapiro-Wilks W tcst ofnormality
r lfthe raw resiftuls were normal, the original data werc used in analyscs.
. If tlre log-trarsformcd residruls wen normal, the log-transfurmed &la uise usod in analyses.
o If thc ranked dara rryere normal, the rankod data werc uscd in analyscs.

A cnanctcristic (e4., soil granuladty) is said to havc a statistically gignificant cffcct if thc AI{OVA
prvaft,E is less than or cquat to 0.05 (an alpha lcvcl of 0.05 is oquivalcnt to a 95% cottfidcnce levcl).
Thc pnalue is the probability of getting a result as extrcme as thc onc obtainod jwt bV clrance.

\Uhilc an AI.IOVA indietes whalrer or not I group ofclraractcristics are significantly ditrcrcnt, it does
not irdicate whidtclraracteristic(s) arc differcnt ftom one anothcr (i.c.. how thp charm;tcristics strould
bc gmupcd or ranked). For examplg tlrc AIIOVA may indicate that ttrerc is a statistically signiftcant
difference betwecn the soil granularities for a particular analyte, but it will not irdicalc which
granularity is higher or lower. Thercfore when thc ANOVA results indicated that granularity for a
girrcn analyte ard medium was statistically significant, boxplots of the coarse and fine samples werc
comparcd to evaluate urhich granularity had higher conccntratio,ns. Thcse boxplos arc showr in

Appcndix D. Pattenn idcntificd in the boxplos among all or most analt't6 sithin a medium providc
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tttrcsrts ofdividfurg anrlyc conaenuations hto t4ud g1ottpittgs. TlEsc gFoupfutgp as rrcd to rcport
all ommary stratistics.

The rcsrilts of the Al.[OVAs and disctssion ofgonpings suggesrcC by anrluarion of the boxplots in
Appendix D are girrcn in thc two subscctions bclow.

Gompartson of Soll Granularlty Goncentrr[ons

A statigical andysis uns pcrformed to evaluate ntrethcr physical sample c,baracterigics (ag., soil
grmutrlty) hrvc a significant effcct on lhe anatytc corpcntatius in $il. Thc six surfacc soil t 'pes

rnd {rcir gruruluity classification (Unified Soil Classificdion Systcilt) from which backg1ond
samples were collectcd rtt:

clay(CH) Fine
silty clay or sandy clay (CL) Fine
clayey silt(Mt) Fine
claycy sand (SC) Coarse
silty sand or fine sand (SM) Coarse
garally sand (SP) Coarse

An uralysis of variancc (AI.IOVA) rvas performod to test for granuluity ctfecs for each analrc

ryrafly. The analyses shourcd l7 of the 24 metals in subsurfacc soils had statistically significant
difterence^s among soil granuhritis: alruninum, arscnic, barirnn, bcryllium, crdmium, e,hrorriwr
(total), ooppcr, iroq tead, magnesium, nickel, potassiunl selaniuur, codium, thatliutu, vanadium and
zirrc. For ttrcse l7 analytcs, lhc bo:qlot in Appurdix D fudicab ftat coam-gainod mil is orsigcntly
lorer than fncgnined soil.

For$rfaesoils, 13 ofthc ?Amwlshad statisti€llysignificantdiftrcnoesbcturccn gnurulaiticc Tlrc
boxplos in Appadix D again slrowcoarscgainod soil consiscn0y lonrerthan frneanined soil for:
aluminum, arsenic, cadmiunr, calcium, chromium (total), coppcrr iron, lead, magnesium, nic,kel,
potassium, vanadium and zinc. None of thc pesticides or herbicides ualyad in surfacc soils slronr
significant differpnces bctueen granularities. Honrcver, the numbcrofdctece was in gencral low for
tlrcse analytes.
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Couprrison of $ur{acc and Suhurfrcc Soll Concentnfionr

AI{OVAS werc slso performcd to tcst for cffects of soil dceths (ic", sur&cc and subsur&cc) forcacfi
andytc scparslcly. The analyses slrcwad tbat in gencral, ttrcre narc no diffcrqrces bctrrol $fioe
soil sample corcartrations ard subsurfaoe eoil sample conertrations. Of $c 24 amlytcs cvalutcd,
only thc following four analytes shoutod statisticrlly significant ditrcrcnces bcfirccn surfaoe ard
nrbsurfrce soil conccnuations! uunganesc, mcrEuryr sclenium, and silrrcr.

Rcgultr of Comperironr

Sirrcc analytes did show a significurt diffcrarce b€hffii surfrc soil ad s$$rfaae sil oonccohdiqrs
in ptwiots backgrcund srdies donc at Fort Polk and tlrc orpclre pathways are diftrent f'' srrreoe
and suberrhce soil contamination, $mmry sHistics are presentod fo'r cach dcptl classification
separarcly.

Sinoe many analytes showpd a significant difference bdrrceu coafl|g ard firFgrNined soil
corrcentratiotls, coarse and fine.gnined soils rcre also segrcgated for tlris backgound st'dy. It is
rccommended thatthey be scgregst€d for funrrc investigations. Horrywer, bccarsc informafion will
not always bc avzilable about thc grurularity of the samptes, UTLS and othcr summaqr statistics are
providcd for the combined gnanularities as wetl. Combining granularitics rcdues thc ability of rhe
study to determine tnre difrcrcnccs betureen potential rclcascs and backgrour4 brut may be rccessary
in sonre cascs. The pmcess of deriving thc combinod LrTLs and summary gatistics was th. samc as
that for thc segregatod data.

summary statistics arc prescntod for cac,h granularity and dath ctassification sopantcly in Appedix
G Table 3. Summuy statistics for combinod ooarse and firc granulritics for eactr deprdr arc prmrted
in Appcndix C, Table4.

{.3J stNtisticrl Distribution of Brckgruund concentretions

Normality tests werc pcrformed on thc background surfrce soil and subsurface soit data fur each
amlytc and granularity and also for granularities combined. The assgmption of normrlity is a
frurdamcntal tenet of satistical tests involving parametric methods. Thcfore, the extent to wtric6 the
data support this assumption determined thc direction of subseqrcrrt uralpcs in wtriclr sumrnsry
statistics werc calculated.
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Ser/Gtal $atistics wrre eraluaod in detcrmining thc distribution ofthc bac*grurnd dat& TIw fupldc
thc mean, mcdian, skeumcss and lottosis. Thc final determinatiqr ofthc daa distribrtion, lnuEvtr,
rryas based on the resuls of the Stnpino-Wilk's W-test (Strapiro and Wilk, 1965) fornormalrty. Thc
Shpilo.Wilk W-test was perfomed fint on tc ran'resulb to tcst for rpmatity of rhe datr A pralrrc
grcarcr than 0.05 indicatcs that the hpohcsis of normality cannot bc reje@d. If ftc dfr arc not
nonnally disuibtttcd then tbe Shspiro-lvilkW-tcst rvas pcrformed on &e nalnal logadltrmsofficdata
to bst for lognormality. A fvaluc grcater hm 0.05 ftr thr lognormal Slupirc-Mlk W-tcst irdic*s
th* th hpotbcsis oflognonnality canrnt be rcjcctod. Ifttn dataue mithcr nmnrally mr logmruul$
di$ributcd, then thc data nrcre said to be nonpammcrically disribuod G.e-, no disuibution gpe).
Appendix C Table 5 prcscne the resulrc of tbc Shapfuo-Wilk trt-tcst for analytcs in surfu md
sftqtrfrce soils by grarruluity. Appctrdix C Table 6 rescffs tlp nsults ofthc ShaD,ilo-Witk W-tlst
foranalytes in surfacc and subsufrcc soils acrcss granuluity

The othcr summaty statistics prcscnted iu Appendix C Tablc 5 and Table 6 (i.c., the mean, mediaq
sltewncss, and kurtosis) werc snaluated to bettcr undcrstand wtry the datr arc or arc not normally
disfiibuted. For data sets that arc nonnally distribute4 thc mean and roedian tcnd to bc clre togetler.
As thc data set becomcs fiurher skeurcd tro the right ttr mean bocomes inmasingly larger ttun thc
modiaa. Skervncs snd lflIrtosis describe futher departres.fioln mmatlty. SkqrrrFss is cfraracncrizd
by a lack of symmetry in the dara distibution. Thc skcwncss is closc b zcm for normrl populatiors.
The skevmess will be positive for populatioru in ufiich the uppcr tail is the cxtmded one, ard thc
skcvgncss will be neguivc for populations in which the lowcr tail is th€ extcndcd orle. Kurtosis is a
measur€ of thc hcaviness of the tail of a disfibution. Normal populations genently have a lqrtosis
close to zero, long-tailed distibutions show a positivc hutosis and flat-toppcd disuibutiorrs show a
negative kutosis.
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