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Abstract: $00 NP RI WKH :HVW )RUN RI WKH :KLWH 5LYHU :):5 ZHUH RQ
LPSDLUHG ZDWHUERGLHV IRU WXUELGLW\ WRWDO GLVVROYHG VROLGV
LGHQWL¢{HV ZKLFK ULYHU VHIPHQWY IDLO WR PHHW DSSOLFDEOH ZDWHL
SRVVLEOH DQWKURSRJHQLF RU QDWXUDO VRXUFHV RI SROOXWDQWV :H
LQ WKH %RVWRQ ORXQWDLQV DQG 2]DUN +LJKODQGV HFRUHJLRQV FRPS
(QYLURQPHQWDO 4XDOLW\ RQOLQH GDWDEDVH ,Q WKH :):5 ZDWHU VDPSO

DW QLQH VLWHV IURP -XQH WKURXJK -XQH OHGLDQ YDOXHV IRU V
UDQJHG IURP WR 178 WR PJ / WR PJ/ DQG WR
JHQHUDOO\ LQFUHDVHG IURP XSVWUHDP WR GRZQVWUHDP S 9LROI

WKH SDUDPHWHUV RI LQWHUHVW YDULHG E\ VLWH EXW JHQHUDOO\ RFFXI
ZKHUH ODQG XVH ULSDULDQ VRLOV DQG XQGHUO\LQJ JHRORJ\ FKDQJH ¢
DQG FKORULGH FRQFHQWUDWLRQV ZHUH DOO VLIJQL,¢FDQWO\ JUHDWHU LQ
HFRUHJLRQ S $QWKURSRJHQLF DFWLYLWLHYV LQAXHQFH GLVVROYH
VLWHV ZKLOH JHRORJ\ DQG ULSDULDQ VRLOV PD\ EH LPSRUWDQW IDFWRL

Keywords: total dissolved solids, sulfate, chloride, water quality standard, watershed management

4 Research Implications )
 6XOIDWH FRQFHQWUDWLRQV LQ WKH :HVW )RUN :KLWH 5LYHU :):5 D
DOG VHFRQGDU\ VKDOHYVY GRPLQDWH WKH VXEVXUIDFH JHROR|J\ DORQJ
VHFWLRQV WKDW H[FHHGHG WKH 6WDWHfV ZDWHU TXDOLW\ V\WDQGDUG
¥ 6LWH VSHFL¢F :46V LQ VWUHDPY VKRXOG FRQVLGHU FKDQJHVY LQ XQGH!I
FRQWULEXWLRQV IURP WKHVH QDWXUDO VRXUFHYV
t %DVH ARZ WXUELGLW\ OHYHOV ZHUH UHODWLYHO\ KLJK DW|WKH WZR
ZKHUH WKH QDWXUDO ULSDULDQ VRLOV KDG KLJK HURVLWLYUYW\ LQGLF
LOQRUJDQLF VROLGY WR WKH VWUHDP
¥ 46V IRU WXUELGLW\ DQG VXEVHTXHQW SODQV WR DGGUHVV [H[FHHGDQ
DQG HURVLYLW\

\f :DWHUVKHG ODQG XVH DQG XQGHUO\LQJ JHRORJ\ LQAXHQFH/SK\VLFR F

treams assessed in the United States areVWDQGDUGYV :46 DQG DVVHVVPHQW
LGHQWL¢HG DV LPSDLUHGWRHD/PIOXDWHKHADMWMHUERGLHYV IRU D
XQDEOH WR VXSSRUW RQH RU PHREGIHPRQOWYHWMX GHMIUWDWHGNDO GL
uses (USEPA 2017). In the U.S., the Clean Watersulfate, and chloride are some of the common
$FW UHTXLUHV VWDWHV WR L GHRMWHUW\ TVADWH VR VS DULD'AHHUWH DV ® LV W
ODNHV WR EH SODFHG RQ WKlHcross tBe UBLVUSEPR201F2SDLUHG

O\S/erGOO,OOO of the 1.1 million miles of ZDWHUERGLHVY O6WDWHV PXVW GHY|
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Scott and Haggard

([FHVVLYH DPRXQWV RI VHGLPH®¢W BQYGCGDRLIK OHQHOMDVHY LQ LR
RI WXUELGLW\ FDQ QHJDWLYH(IEI—L&’@[DWWOZDLAQ—IAJXHQ[FGL\W\KE\ ELROR
FKDQJLQJ WKH SK\WLFDO FKHPQBEDBFROQGWHEHIPRORIJEWDRQV EXW K
characteristics of streams and rivers. SedimentUHODWH WR WKH ZDWHUERG\TV GHVI
WUDQVSRUW WR GULQNLQJ ZDRKIDOOMKSBIALHY FDQ UHGXFH
ZDWHU VWRUDJH FDSDFLW\ GXH'LWR RGYV:HRD LIR@QE WOQHWOOUND QAQ\ RFF>
increased treatment costs (Holmes 1988). In YDU\ ZLWK ZDWHUVKHG VRLOV DQG
VWUHDPV LQFUHDVHG VHGLPHQW FBXWQ B QDWKIURSAR\IHRIBFWFWLY LW
DTXDWLF OLIH E\ UHGXFLQJ OGHWA GRHSPHQOQWO W R® R OWLRXIOW XUD
FKDQQHOV DQG SRVVLEO\ UHOKHFVIHPNEHERXRG FRQEHKNWYWOWWLRQV
VXFK DV PHWDOV DQG QXWULHDWY FEKHORIPHIHV GO SRYUMERIQZDWH |
FDQ LQFUHDVH KDELWDW KRPRJHGBPWHORONQHW W DO ULJKW |

UHGXFH LQWHUVWLWLDOWYXHIXWLOLYRUDDIHDWURP LQGXVWIL
RUJDQLVPV 2Y&DOODJKDQ HWade@ater are sows OfHdIDIfatd and chloride
macroinvertebrate drift (Bilotta and Brazier 2008), )LW]SDWULFN HW DO 6 XOIDW
DQG FORJ JLOOV RI DQLPDOV %R® WHR@W UD WAIRGRWWD \DWGHDPV DU
%UD]LHU $00 RI WKLV F D Qraoddsalxs fantilizeds, RRiIMaD\Jaste, arg rairkveter
ELRORJLFDO FRPPXQLW\ RI D VWIUDNMDPL\DRHHPDJ)RVVDWL
HW DO -RQHV HW DO DQG GMIQUBYWALRHUR[LPDWHO\
WKH ZDWHUERG\YV LOWHQGHG XWHf LVWHG DV LPSDLUHG LQFOXG

6HGLPHQWYV DQG WXUELGLW\ BGBQIEH WUDQRWSROWNGDIPRMRU WUL
WKH ZDWHUVKHG RU FDQ RULWMKDWH WHRPLYHWKERLAMKHRUPV WK
AXYLDO FKDQQHO 7XUELGLW\ YHOSBWHWWRYHWHERNHQWRODDQGPRVV
XVH ZKHUH XUEDQ DQG DJULFXHWRS0ODBIOLED QB W\ B ZIHY/AN HIMHD Q VD V
WXUELGLW\ LQ UHFHLYLQJ VWDRGBPVXGIDWH FREREQRWUDWLRQV Y
DQG $UPLWDJH %UHWW HW6DL® WKH BOEO®EH REMHFWLYHV R
DUHDV PLJKW VKRZ D GHFUHDVAHUH RNRHU OB 9 BOXHPAN H HE@WH ARZ ZI
WUDQVSRUW GXH WR ODUJH DUHKOW RHDBZEBWHIIRKX WRXWYIKDH HP\RVW G
VXFK DV URDGYV DQG SDUNLQJRORWKWH :ROGPDQFRPSDUH WKHVH GI
+RZHYHU XUEDQ ODQG XVH WMOKH WSRRbFDERAKHOF WR LGHQWLIN
VHGLPHQW WUDQVSRUW E\ LQFYHBVYQOUKSBBNDARWZWDW BRUILYRRODWH \
VWRUP HYHQWY OHDGLQJ WR ERRYHOWHNGSRNNOB® KD GIDRGVROSH R

TULPEOH 1HOVRQ DQG % RVRMMHKH SURAQER SROOXWDQWYV ZKt
FDQ EH WKH SUHGRPLQDQW VRUURBWXULMHGQPREAMXUDOGI 7KH JR
WXUELGLW\ LQ VRPH VWUHDPWR6KHRS DQWHWMKHGVPDQDJIHUV WIL

OXNXQGDQ HW DO , QIRDFWPEDBYISRHQW DQG DOORZ UHJ
al. (2004) showed that stream bank erosionwastheGDWD GULYHQ GHFLVLRQV RQ ZDWH
SULPDU\ VRXUFH RI VHGLPHQWW W W K+HHHYWZHR SRLRIW RXW KRZ
WKH :KLWH 5LYHU :):5 WKH IPEDNHRVN WXKRPOQ HERQRVLGHU XQGH
VWXG\ DQG ODQG XVH DPRQJ RWKHU FRQ'

6XOIDWH DQG FKORULGH PDNH XGHY Vi QY JAHD WRIWWIDRRO LW\ LPSDL
of the dissolved minerals, salts, and ions in water.
,QFUHDVLQJ LRQ FRQFHQWUDWMe#HQds KDYH EHHQ VKRZQ
WR FKDQJH DOJDO FRPPXQLW\ VWUXFWXUH LQ VWUHDPV

SBRWDSRYD DQG &KDUOHYV Stgq-’(wtﬁsQWLDOO\ DuHFWLQJ
IRRG ZHE G\QDPLFV (YHQ ORZ OGKMHQO:BEQFDWBUNYXH®?’LVXE NP
GLVVROYHG LRQV PLJKW QHIJZWWHWHOAKHBSBFWKWHWBBBRU :KLWH !
PDFURLQYHUWHEUDWHY GXH WR URANKIZRIWMI XN R YD \D QYA J X UH
SK\WVLRORJLFDO VWUHVV )UHIDWBVRDIPPDVWREBKD NP ORQJ ZLWK
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1DWXUDO &KDUDFWHULVWLFV DQG +XPDQ $FWLYLW\ ,QAXHQ¥H 7XUELGL

near the small town of Winslow in the Boston ZDWHU VDPSOHVY LQFOXGLQJ DOO S
ORXQWDLQV HFRUHJLRQ 7KH URUYHWKAR B RDRMEWK LQWR

WKH 2]DUN +LJKODQGY HFRUHJLRWEEZGHWH W HQXXWHDWH DQG FK
LOQWR WKH :KLWH 5LYHU LQ WKH5PRWXGS RSDVYDOHDWY A 8 UFHL VA\Y D O XD W H
Rl )D\HWWHYLOOH 21 WKH QLQSSWOUIWBFE OAK HA6HIRADBBNBYVDV $3&
ZHUH FROOHFWHG WKH VL[] PRXWEKSVWWU NDKPH V4 8/ MW CDAVUHHV WK D W
ORFDWHG LQ WKH %RVWRQ ORXOWDKEVO IZAKUWWNDO RVWRNOEBKOQRW EH H
most downstream sites are located in the Ozark EDVH ARZ -XQH WR 2FWREHU L
+LJKODQGV HFRUHJLRQ *HRORJ\ LRI WRRASOGRYWRQG
ORXQWDLQV LV GRPLQDWHG E\ UDQ:WKWRQE QRW HHWWREHHGHG G Xl
VLOWVWRQH DQG VKDOH :RRGV PRWHDWKDQ RKWDPSOHYV WDNF
2]DUN +LJKODQGVYV FRQVLVW RI VROKXPQH DPQRE WKIODRWOPIKOHY ~ +HU
JHRORJ\ DQG DUH GRPLQDWHG E\YDKOX®IN DIFPH\WVWRQEDWD FROOH
DQG GRORPLWH :RRGV HW DO WKH WHKMHU NDUVW

WRSRJUDSK\ RI WKH 2]DUN +LJKODRBVOLRGOWZYRURUNXUELGLW\ L
net subsurface transfer of water and minerals to HFRUHJLRQ DQG PRQWKY VDPSO
VXUIDFH ZDWHUV +D\V HW DO OLPLW IRU WKH 2]DUN +LJKODQZC

/IDQG XVH LQ WKH :):5 ZDWHUVIK®&® L¥78 IRU BEDVH” DQG 3DC

SUHGRPLQDWHO\ IRUHVWHG ZUWWKSBHFSWRHEDWWRM OLPLW IR

SDVWXUH DQG XUEDQ $15& ORXQMRIGQV HFRUHJLRQ LV DQ
XVH YDULHV DFURVV VLWHV 7DECHEDVMHIIXQE DOAKARHEY ~ UHVSHF
SHUFHQW IRUHVW JHQHUDOO\ GKH UH#H®D VYRIY 7D8) OV XSHDMHR W QG FKC
XUEDQ JHQHUDOO\ LQFUHDVHASHBIRAF WRBWWMUHDP5 WRG VWDWHYV V
GRZQVWUHDP :KLOH WKHUH LVIRQHKNPIDWOHPRQIZHICED EH OLVWHG
SRLQW VRXUFH ZDVWHZDWHU GEXHQDUUHDWIKU WKBQ Rl VDP:
ZDWHUVKHG GHVLJQ ARZ LV P WKCH. RQ SIDLFOREQW FHUWHULD -~
GD\ WKH GRZQVWUHDP SRUWLRQ7RH WKWHZDSHHALVYIKHIWLPLW IRU 7
DOVR KDV VHYHUDO LQGXVWULRO VKW HWLWHUWPIMPALEHE B\LMMKMH [RL
6WDWH IRU VWRUPZDWHU UXQRu FKIORFKIDGHHY $HZ /
2018). S3HUFHQW H[FHHGDQFHYV RI WKH ZD
ZHUH FDOFXODWHG DQG UHSRUWHG
sulfate, and chloride.

,Q WKLV VWXG\ ZDWHU VDPSOKVDZWMHYHSEDHROWHBYBG\VLY WR EHW
WLPHV SHU \HDU IRU IRXU \HDHPR DM LQRLQD P LMIKWH VQAGRIQFH VWUH
WKH :):5 GXULQJ EDVH ARZ FRQMD WHREBWFVKHUHG IURP WKH $'(4
YLIXUH 7KH VDPSOH FROOHBWQRWRUAKHG RO IPHW KDWDEDVH |
HI[FHHGHG WKH UHTXLUHPHQWYV IRUWHD/P S3VXK R X BHRKRXWYFWKH %RVWHF
DQG GXUDWLRQ QHHGHG WR S PRBUNOALIHKDOXRDBWHHWRUBHABRQV 7Kl
6DPSOHY ZHUH FROOHFWHG IUBPFMMHEKDQZRABRWREIYU DQ DQG W
DOSKD W\SH VDPSOHU RU P D QWHDIUWRKHR Z DAL WKR.R) -WE&H WKU
VWUHDP FKDQQHO :DWHU VDPSOHWDWBUAHUHWOMVHGHERB@ VLWH L
LFH WR WKH $UNDQVDV :DWHU BEHYRXVYBPWY RROMMQ WHUH.DDDWHDLODEOH |
4XDOLW\ /DE $:5& :4/ RU /DE amiQlesd epEevafdéhs were collected over the
IRU WXUELGLW\ :7: 7XUE TXROEWGH VR OMWOGIIDVW WZR \HDUV 71
7'6 OHWWOHU 7ROHGR $; viz@ GalculAtedl oW\ebch Bi@ @& order to reduce
FKORULGH 7TKHUPR 6FLHQWL¢VFKI—LFKQb§lP(H@GH RI RXWOLHUV DQG X
DFFRUGLQJ WR VWDQGDUG PHWPEORGWLVS$:bBQG XVH DQG ODQG FR
7KH /DE LV FHUWL¢{¢HG E\ WKH $IRNDW K BV H HDSEIGILWHHRQW R | VLWHYV Z
(QYLURQPHQWDO 4XDOLW\ $'(AWNKHRUOW&H® QD OPW.NURIKHG DSSOLFI

Water Sampling and Analysis
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Urban
I:' Developed- Open Space
- Developed- Medium Intensity
- Developed- Low Intensity
- Baren

Forest
Q Mixed Forest
- Evergreen Forest
- Deciduous Forest

Pasture
[ 1 scrubsshrub
D Hay/Pasture
I cuttivated Crops

5 km

Figure 1. 0DS RI $:5& VWXG\ VLWHV RQ WKH :HVW )RUN :KLWH 5LYHU LQ QRUV
GHOLQHDWLRQV RI VLWH GUDLQDJHV 6LWHV DUH LQGLFDWHG E\ ZKLWH
WUHDWPHQW SODQW LV LQGLFDWHG E\ D ZKLWH SHQWDJRQ ZLWK LQQHU
E\ D GRWWHG OLQH ZLWK 2]DUN +LJKODQGV 2+ DQG %RVWRQ ORXQWDLQ
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1DWXUDO &KDUDFWHULVWLFV DQG +XPDQ $FWLYLW\ ,QAXHQFH 7XUELGL

Tablel. ,QIRUPDWLRQ IRU $:5& VWXG\ VLWHYV RQ WKH :):5 LQFOXGLQJ VLWH
GHVFULSWLRQ FRRUGLQDWH ORFDWLRQ /DW DQG /RQJ HFRUHJLRQ (FR
SDVWXUH SOXV XUEDQ 3 8

Site Dist. Site Description Lat. Long. Eco. %F %P %U %P Area
ID Down. +U  (km?
(km)
1 0DOO\ :DJQRQ 5RDG OH
2 40 'HDG +RUVH OWQ 5RDG OH 60.8 24.9
D 7LO0O\ :LOO\ %ULGJH OH 26.2 8.7
&5
E 29 J)D\HWWHYLOOH $LUSRUW 66.0 800 220.9
4 27 %DSWLVW )RUG 67.1 %O 7.1 214.8
19 S5LYHUVLGH 3DUN %0 6.0
6 ‘RROVH\ %ULGJH 71.6 %22.9
7 6 %UHQWZRRG ORXQWDLQ %0 47.9
8 0 Slicker Park %0 67.4 24.9 7.6 17.7

'LNL:DWHUVKHG LQLWLDWLYH Re4WBXG :DWHU 5HVHDUFK
&HQWHU /IDQG XVH FODVVL,;FDWLRQV ZHUH
FRQGHQVHG LQWR WKUHH FDVMPH®ULHV + XUEDQ IRUHVW
DQG SDVWXUH 7KHUH LV HVVHQWEDGION\QRD WIRZGFPRGHO\ ZLWKL
DIJULFXOWXUH LQ WKH ZDWHUVWXHGH OHWNVWXDRQJI WR M :D:6G0UDQJIL:!
VLWHYV *UDVVODQG LV JURXSHE zZHRZK SHW WXXIWHE LBKMUOHR Y H U 1
JUDVVODQG DFURVV VLWHV URGYHWYHDRFGXULQIKWEH ARZ FRQGLW
SDVWXUH DORQH UDQJHV IURP:!):5 )bEXRNWVD/LWRYW RI WKH YDOXF
‘DWHU TXDOLW\ GDWD IRU WWKDQ:5 ZAH8H BEHy RQO\ RI DOO W
WUDQVIRUPHG WR UHGXFH VNHZOLRWH B WMKRSY cpiwWB By RYyY DOO V
WR WKH DQDO\VLV R YDULDQFM %%%@éW\stﬁka'#?lyHG IURP XSVW
WHVWV ZHUH FRPSOHWHG XVLR 9?/ ﬁ%\R/V/V VILYER . E bRy GRZQV
GLUHUHQFH /6' WR WHVW IR §J @ﬁ ZL KSDUW
VLWHYV 6WDWLVWL] 5HOD v %@%WI}R%BE'V“\:’X\E
TXDOLW\ SDUDPHWHUV DQG / JQLCFDQWO\
DQDO\]HG XVLQJ OLQHDU UHJY, \5@6 5 \%&?}8 Hf © WKUR X
Y SOWKRXJK ZH FRQQR M V. H[FHSW DW 6l
GXULQJ EDVH ARZ FRQGLWLRQM \;Kdﬂg, POEXQRGE C5;L¢FDQW LOF
PD\ LQAXHQFH LQ VWUHDP ZDWHiY \Kl-plfl-(f‘%BWDQRWKHU VP
DQG +DJJDUG VKRZ WKDW @W%VND&%\WEMQQ/{WLRQLQJ Wi
EDVH ARZ FDQ EH D UHOLDEOH BHWIY LB WR RGN0 Wik OBIQE w\ Ju'
XVH LPSDFWV 7R WHVW GLUHBGHQFRYHIEQ cZOMHNW UKD LWRP 6LWH
EHWZHHQ HFRUHJLRQV DQ $12098X®V XYHES RWQR VELWWHH JHRPHWUL
JHRPHWULF PHDQ GDWD 5 &RUH7BHDPKH WYR PRVW GRZQVWUHDP
$00 VWDWLVWLFV ZHUH FRQVLU®HDMHVWIOHDNXQWGDWXNESKDW\ F
VLWHY DORQJ WKH :):5 S
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7TKH WZR PRVW GRZQVWUHDBHVEWGW ZBVUWXDEBVIROXV XUEDQ OD!
WKH RQO\ VLWHV WKDW YLRODWHDG WKH DSSOLFDEQHRXUHB F
7TDEOH JLIXUH D 'XULQJ EDVHLAORMZ7 "W KIRDHF WQWHBWLRQV ZHUH
HIFHHGHG WKH OLPLW RI 17BLURUHQWU FPHRWAHHHQ WKH ¢YH GR
RI WKH VDPSOHV FROOHFWHG 6 EZWHWVHDNQ GVKHE HULHP WK HE RWQO\ VLWFE
HIFHHGHG LQ RU OHVV RI WHBHSESSOWLDFBHEAOW FROOHBEWARDRFHQWUDW

DW WKH RWKHU VLWHV 'XULQVKEGQOPARZRI WKHIVHLQZRDQG R
downstream sites exceeded the limit for the Ozaak FROOHFWHG DW WKHVH VLWHYV UHV
+LJKODQGYVY HFRUHJLRQ RI 1 RBWKHOHBYWMKIDQ LQ WKH 2]DUN +LJ

RI WKH VDPSOHVY FROOHFWHG WKHFBELPL® QRW YRR OKWHHVWREOHV F
DSSOLFDEOH :46 7KH OLPLW VYLHRODWILABI \R K HAWWYAD QGO UG RILWIKW L
%RVWRQ ORXQWDLQV HFRUHJLRIDP SRV FRO AHR2WHBDVYKH WZR PRU
H[FHHGHG LQ RU OHVV Rl WKHEVD®GS OH Y EF RVKHHBWR WS ROQVORX QW D
each of the other sites. 7'6 OLPLW LQ RI VDPSOHV FROC(
$W WKH :):5 JHRPHWULF PHDYWKHKPRUGILWS WUVOMKMBN VLWHV KDG 7'
LQFUHDVHG ZLWK LQFUHDVLQJESDWRWY XWHKHSOXRJIXUEIPQWDRQGE OO0 VL
XVH ZLWKLQ WKH ZDWHUVKHKE WHRPHWIWBLF PHDQ 7'6 FRQF
J)LIXUH D +RZHYHU WXRVYRVY@®MMOWLRQVKWIHY VKRZHG DQ L

GRHV QRW H[LVW ZKHQ ORRNLRUWXWSWHKHHQD S VEOWD BKW YV X UE

R1 DOO VLWHV ZLWKLQ WKHYBWHRUKIIGRQ@V S S J)LIXUH
JLIXUH E ZKLFK VSDQQHG D VHSIDHBDWHX EN HERWMHQGRQ SDVWXL
XVH SDVWXUH SOXV XUEDQVH: K@ QNVKHWHDWEKBHQW H[SODLQHC

VHSDUDWHG E\ HFRUHJLRQ W KHDUH. ZBNOQ RW LDQ VIHRR I WRQW PHDQ 1
UHODWLRQ EHWZHHQ WXUELGIL\Q\ WK YR HNS §REFRIDDIARQ DRAG %R\
SDVWXUH SOXV XUEDQ ODQG XWN SHRWLYHGMKI VWUHDRIXUH G
ZDWHUVKHG LQ WKH %RVWRQ ORKKIMAUBILRY 7%6X WR QUWKHUMAUDDNWLRQV Z
D UHODWLYHO\ ZHDN GHFUH D \XUWED Q HODQA RXYWK L § FALMDKAHG DERY
WKH 2]DUN +LJKODQGV U GU®LQDJIH)DUXWDH

E 2YHUDOO WKH JHRPHWULF PHRPRHWKNUELBHDGQ YD® XHRQFHQWUD
ZHUH VLIJQL,FDQWO\ JUHDWHU:L® WRKWHHY]RHNH+ZIMXDRQGVKH UDQJH
FRPSDUHG WR WKH %RVWRQ 0FROQWDAHOY RFURWYWHWH LQ WKH VDP
VLWHV ZKHUH JHRPHWULF PHDWR DYRUDJHGHQ DEE&NLQJ DW WKLYV

178 UHVSHFWLYHO\ S WKHUH ZHUH VLJQL(FDQW GLUHUH
| | HFRUHJLRQV S 7KH DYHUDJH J
Total Dissolved Solids RI 7'6 FRQFHQWUDWLRQV ZDV JUHD

7'6 FRQFHQWUDWLRQV ZHUH+YDKIODEOM ZLWRILQ D-R®@SDUHG WR
DFURVV VLWHYV UDQJLQJ IURP OR®QWRLQV PJ / BW/WKAKLFK LV FRCQC
XSVWUHDP VLWH WR D KLJK RWKD®I REVRIZYWGBUHDWKH :):5 ZDWHU
DW WKH :):5 7'6 FRQFHQWUDWLRQV VLJQL{FDQWO\

LQFUHDVHG IURP XSVWUHDP SHiaep HWULF PHDQ
PJ/ WR GRZQVWUHDP JHRPHWULFOPBIWE FRRQFHQWUDWLRQV LQ V
DQG WKH ELJJHVW LQFUHDVH RFEXDNEGIKE IDRW2HHVWEBEHODAWR GRZC

JHRPHWULF PHDQ PJ / DM@HB a sité HaRAPthiedeUridividual concentrations
PHDQ PJ / 7'6 FRQFHQWUDWIRQVUR® WHKH/ DW WKH XSVWUH|]
:):5 VWHDGLO\ LQFUHDVHG PR YHUGRZPQVWUYHWKHQ@WRZQVWUHDP V
WKH IRXU PRVW XSVWUHDP VLWMWHMXBXW FFR @X6 DOWUHD ARRBNWQWUDYV
JHQHUDOO\ OHYHOHG Ru DW WIK®FEHBD WHREF WURPZXSWWHBPP JHRP
VLWHV )LIJXUH E 7KH 7'6 FRRPFHQWR DBRIZRQYW DMDWKH WHY PDJ[LI
:):5 VLWHV ZHUH DOVR SRVLWANBQ@\ FRRIRUHODWMEHNR:5 S )
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1DWXUDO &KDUDFWHULVWLFV DQG +XPDQ $FWLYLW\ ,QAXHQFH 7XUELGL

F +RZHYHU WKHUH DSSHDUWKM R DBENHH D Y DPBOXSWFROOHFWHG L
FKDQJH LQ VXOIDWH FRQFHQWWDXG\RONUERW ZABBOGLWHYRQH RI W
DQG 'KHQ JHRPHWULF PHDQVLIWHM BUWKSHGWKURXJK YLROD!
HFRUHJLRQ LQ WKH :):5 WKH R%HZBKHUHKHRPHRWLE RI RQO\ WKUHI
PHDQ FRQFHQWUDWLRQ LQ WKRFFOWWNHELDKFOBYEWKHVH VLWHV G X
PJ/ ZDV WZR WLPHV JUHDWHU 6XO0IDW HWHKOXF MXWUWDWLRQV DW W]
REVHUYHG LQ WKH %RVWRQ 0RXIQWD LLAAF UHDWPUQJ SDVWXUH SOXV

7KH RQO\ VLWHV WKDW YLRODWKHG W/HH FIDSSFOKLAFHDEW H U S
46 IRU VXOIDWH FRQFHQWUDWLR Q®WHKRMIKWWH HAMH ZHUH UHDOC
PRVW GRZQVWUHDP VLWHV 6LGVHVD WKW XVUKSD VDWEB EHWZHHQ

7KHVH VLWHV H[FHHGHG WKSRVIS\LYAFD HG O DWLPRY RHWZHHQ JHF
PJ/IRU VXOIDWH FRQFHQWUDWRRGWQWUDWUIRORUHQBI SDVWXUH St
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Figure2. % R[ DQG ZKLVNHU SORWV IRU D WXUELGLW\ E WRWDOV GLVVROY
XSVWUHDP WR GRZQVWUHDP DW WKH :HVW )RUN RI WKH :KLWH 5LYHU 7k
DQG WK SHUFHQWLOHY UHVSHFWLYHO\ WKH OLQH LQVLGH WKH ER[ UH
UHSUHVHQW WKH WK DQG WK SHUFHQWLOHY UHVSHFWLYHO\ DQG WK
WKH WK DQG WK SHUFHQWLOH UDQJH +RUL]JRQWDO GDVKHG OLQHV UF
IRU WKH %RVWRQ ORXQWDLQV HFRUHJLRQ OHIW RI YHUWLFDO OLQH
OLQH )RU WXUELGLW\ WKH OLQH LV GUDZQ DW WKH 3EDVH ARZ" VWDQGL
DUH VKRZQ &LUFOHV DURXQG ¢YH REVHUYDWLRQV IRU WXUELGLW\ LGHQV
HTXLSPHQW WRRN SODFH &DSLWDO OHWWHUV UHSUHVHQW VWDWLVWLFD
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Table2. 3BHUFHQW H[FHHGDQFHV RI WKH FRQVWLWXHQW OLPLW UHODWHG WHR
DORQJ WKH :HVW )RUN RI WKH :KLWH 5LYHU 7KH KRUL]JRQWDO GDVKHG OL¢
+LJKODQGY DERYH DQG WKH %RVWRQ ORXQWDLQV EHORZ %ROG YDO X
OLPLWY DUH JLYHQ IRU WXUELGLW\ 178 WRWDO GLVVROYHG VROLGV 7'

——————— Turbi(‘jity ‘
Site ID Site Description %DVH ARZ $OO0TBR Z  Sulfate Chloride
Site 1 ODOO\ :DIJQRQ 5RDG 19 44 77 0
Site 2 '"HDG +RUVH OWQ 53DG 17 50 79 0
6LWH D 7LOO\ :LOO\ %UBGJIJH &b 66 0
"~ 6LWH E  )D\HWWHYLOO® $SLUSRUW 22 63 o
Site 4 %DSWLVW )RUG O 0 19 65 0
6LWH 5LYHUVLGH 3DUN 6 0 1 0
Site 6 'RROVH\ %ULGJH 0 1 0
Site 7 %WUHQWZRRG ORXQWDLQ 5RDG 0 0 0
Site 8 / 3 -DUQDJDQ %DOD 3DUN 0 1 0
2]DUN +LJKODQGW 17 20 20
WQS Limits
%RVWRQ ORXQWD10QV 19 20 20

WKH FDWFKPHQW DOVR ZDV VHEBRZQ@VWKHDPD VIWWHGDW.DMHW RIQG
DOO VLWHY DFURVV WKH WZRGHFRROGIHLRIQWKH VLWHY DORQJ WKH
JLIXUH | ZKHUH WKH JHRPWKWUQEPRMDRAIVXORDWHRU FKORULGHE
FRQFHQWUDWLRQV UDQJHG IURPPSWRYV FRDOHKWRG 7DEOH

WKHVH GDWD ZHUH VHSDUDWHGQEWKHG : R HPWUHHVKRHEL JHRPHW
SDVWXUH SOXV XUEDQ ODQG FX\OHR WG W KR QAHQOMUMKWIGR QY UDQJ
H[SODLQHG DQG RI WKH YDDWDWIK®LWNDG ZIBI\WHAHW ULR PJ / G
mean sulfate concentrations within the Ozark WKHVH JHRPHWULF PHDQ FRQFHQWU
+LIJKODQGY DQG %RVWRQ ORXQWHBUGDVHABVIEHWWLYRBBUH®DVLQJ SD
7KH DYHUDJH RI WKH JHRFHAM XV IR H.)Q WK IGWIH.QDJH DUHD
FRQFHQWUDWLRQV ZDV VLIJQL¢EDRWO\ JUHORMORULSH FRQFHQWUD!
LQ WKH 2]DUN +LJKODQGYV VIRRL, FREWDYVHE. uHUHQW EHWZHHQ
WR WKH %RVWRQ ORXQWDLQV WKHPIZ):5 7TRKHUSUHDYGHUDJH JHRPHYV
LQ WKH JHRPHWULF PHDQ VXQRIOMNHRQWBRWHRQYVWIWURQV DQG F
LQFUHDVHG ZKHQ WKH FDWF K PHQWOKIG: ¥ ROUHG WKRPVOW RQ ORXQWDLC
SDVWXUH SOXV XUEDQ ODQG XVH ZLWWRZAHYWU WKH JHRPHWULF P
FRQFHQWUDWLRQV DFURVV WKH :)

Chloride UHODWLYH WR WKDW REVHUYHG PRI
&KORULGH FRQFHQWUDW LR GIF RAHHIH RIHAQ B U DIGIBAQ ALRZ W K H VLA
DQOG UDQJHG IURP WR PJ [KHRQ FBDWDO R Q LDGIO VLWHV Zt

:):5 VLWHV GXULQJ WKH VWXGHBPAHWRIGF SRORQLEKORULGH FRQF
FRQFHQWUDWLRQV LQFUHDVHIQFIWHRPY HGSY MWK DLRFWHRDVLQJ SDVV
GRZQVWUHDP DORQJ WKH :):5 X¥XHUH WKKH JUHD WHWRHGYV U $
concentrations were observed at the two most K ZKHUH JHRPHWULF PHDQV UDQJF
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Figure 3. *HRPHWULF PHDQ FRQVWLWXHQW FRQFHQWUDWLRQV YHUVXV SHUF
DUHD RI VWXG\ VLWHY DORQJ WKH :HVW )RUN RI WKH :KLWH 5LYHU :):5
WXUELGLW\ DFURVYV DOO VLWHYV F WRWDO GLVVROYHG VROLGV 7'6 |
LQ WKH :):5 I VXOIDWH DFURVY DOO VLWHV J FKORULGH LQ WKH :):
UHJUHVVLRQ OLQHV DUH VKRZQ IRU VLIQL,FDQW UHODWLRQVKLSV S
GDVKHV UHSUHVHQW GDWD IRU WKH 2]DUN +LJKODQGV DQG VKRUW GDVK
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PJ/ DFURVV DOO VLWHV 3HURMOWE ISOIMMWXIUWHLRRXIN DXILEDWDXVSHQG |
ODQG XVH H[SODLQHG DQ®DWRIHWK & B WIRIMEDQ GWAD JJD UG
LQ JHRPHWULF PHDQ FKORULGW KAHR QBHIRW WD XWLRIQEGL WQ LIWKBILNH O\ ¢
HQWLUH GDWDVHW WKH 2]DUNCGILIBODUREZWKD QG YWRNWRDQHU FRO
ORXQWDLQV UHVSHFWLYHO\ &R VHH MOXJKHWW KQFUHDVHV LQ VH\
7KH FHQWUDO WHQGHQF\ RI WIKRQHRGWWDWE FPG\D Q & VDY RQRW VK
GLUHUHG VLJQL,FDQWO\ DPRQXHFRUHG LRIQW :)ZKHUH HODWLYHO\
DYHUDJH JHRPHWULF PHDQ FRORWWQWPBWERGSG ¥HWH GRZQVWUHD
DQG PJ/ LQ WKH 2]DUN +LJKGDE®HV YO-Q SKR R ¥ WRIDX V1 PJ/ DQC
ORXQWDLQV UHVSHFWLYHO\ SPJ/ GD'WH YPRWLPER2QW\DQG VHVWR
LQ JHRPHWULF PHDQ FKORULGH FRRQFHRQMNWD \GRRQVKRIZWYK ZRXOG \
ODQG XVH LQFUHDVHG ZKHQ S:DMWXWU BRI XX WURSKLODQG
XVH LQ WKH ZDWHUVKHG ZDV JURHDNEHKDWKAQ Q WXUELGLW\ OHYHO"
FRLQFLGHV ZLWK FKDQJHV LQ WKH

Discussion VRLOV &RWWRQ DQG +DJJDUG
N ULSDULDQ VRLOV FKDQJH GRZQVW
Turbidity ULSDULDQ DUHDV DURXQG WKH WZF

BWUHDP WXUELGLW\ LQFUH DWHLGVHMNV R RQALIVOVD RW (@ G\W UNV$ O O H I K
PHDVXUHG DV SDVWXUH SOXV6RBPRQ NAOGWVHDARNWKBQG 3LFN
:):5 ZDWHUVKHG DOWKRXJK WK EK IVERLD W & DYBIQE KLIKHU HURV LY
XVH ZDV UHODWLYHO\ VPDOO WR PR&NY RUDNKNMWRGEONVVIRXQG IXUW
KDYH VKRZQ LQFUHDVHV LQ VWUSHR DX 0 EHOLWR/ORI DQG +DJ
DQ LQFUHDVLQJ JUDGLHQW RWKKRQRGEUBPWHGLWXUEQGLW\ PLIKW
GHYHORSPHQW LQ WKH ZDWHUVKBQJH UQ VBLPNORU IURP AXYLDO F
1HOVRQ DQG %RRWK %UHW®QVMDEL® LW\ ZKNHIE WKHVH VRLOV
ORZ OHYHO RU VPDOO LQFUHDVHY W&HKXPD QGDMDLYKWRYH®@ WKDW
WKH ZDWHUVKHG KDYH LQFUH DH/®IGY DWW HIED R QWX UEWGWWM WER PRV YV
DJULFXOWXUH SOXV XUEDQ ODQ&DXQVH QWD QRXGKIWRP RI WKH HQWLU
%ROVWDG DQG 6ZDQN 7 K N POIMYCH YEWHHH @ KRIDQWHKH 6 WD W H TV <
LQ WKH :):5 ZDWHUVKHG FRX@0GWHU BHRAXH\Q FLQF H 7KDW ZDV
WXUELGLW\ LQ WKH ZDWHU FROKP QJH® WHKRIX I \WKKHK H)PSDLV VHJIP
EH RWKHU IDFWRUV GULYLQJ WXQ® RMIKGIHVWXGLHV SURYLGHG VF

OXFK RI WKH YDULDELOLW\ LQVRWUNDB VX UW KGLW\5ZIDYWR WZR V)
QRW H[SODLQHG VLPSO\ E\ ODR@ XVH7RKKD®(HWHIPMXWMHG WKH UL
DERYH FLWHG VWXGLHV VXJJH/DWVOY FDKROHEG RW KW KH LUF WRKHIQW L ¢ F |
DQG HYHQ QDWXUDO VRXUFHV @RVYIHGWW BER@QIZHH@AXWHNVHED DQG E
WXUELGLW\ LQ WKRVH VWXGLHYRD VRO OVEKW LQQRWEWWUEDP VHIPH
0DQ\ VWDWHV OLNH $UNDQVIKUEDBHWWHFRYSSRR®LQJ D PRUH
VSHFL¢F FULWHULD EHFDXVH HFRUHV VYRR ODWLBAYQRHGWKH WX UE
E\ VLPLODU HQYLURQPHQWDO FKRIIDY¥MUHUMWKMHLAQ NVRUPKDWVYRQ SUFH
FOLPDWH JHRORJ\ DQG VRLO S\D\SHY DIPHRIPXKNIHVWY WKDW WKH J
7KH WXUELGLW\ GDWD DFURYV Vatwhi Hownstroawn Site) Bs/wall as ScRossVDzark
HFRUHJLRQ VSHFL¢{F FULWHU L D+ LBHKPDXQG JWIRWPHW URIFJ R WDEH G UL Y H
WXUELGLW\ OHYHOV ZHUH JUHDWHU LUQ SUXH. D@ WR +Q IWOTHMG V7KLV
UHODWLYH WR WKH %RVWRQ 0RXQWDLIPLW KRLIV L\ FR QBISVWRISQ WD W H
ZLWK WKH GRZQVWUHDP JUDGLW®&W 2]J® WK H L) K50 EQ@NEVBHJIXODWRU
OHDYHV XV ZRQGHULQJ ZK\ R Q @ongitér-h VaRMW iGtReAQBibLsdIBcPstreams
VLWHY YLRODWHG WKH :46 IRU RWX WEHDBAKMY ZKHUH WKH VRXUFH L

,Q WKH :):5 WKH SULPDU\ ARRSRRLOWNVVWSIH LQ WKH ULSDULDQ
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TDS, Sulfate, and Chloride JRUN TXDGUDQJOH ZKLFK EUDFNHW
6RPH DQWKURSRJHQLF VRXLPQ—R/MﬁYWL‘%ﬁEK/QVWUHDP RI 6LWH
SDUWLFXODUO\ VXOIDWH DQGW %vu Vi GUX O IDW
Hw%ﬁ & XANR4Y D GLV

LQFOXGH ZDVWHZDWHU WUHDVQ/bW
fertilizers, animal manures, and even road deicers W QGHUO\LQJ ‘] RORJ\ QHDU DQ
+HUOLK\ HW DO KDWULRbLD%%;LW{'bJ ZKHUH EHGURFN EHF
0DQ\ VWXGLHV KDYH VKRZQ Vd"é%@#‘x%%@(u\b‘@%'@&RpLQDQV
XUEDQ ODQG XVHV LQAXHQFHW WHRGHFH 6 Y B WLRY HFRUH
VWUHDPV ZKHUH VWUHDPYV c-;LPDS PP @)&OW)W?D%Ré EWUHDF
XUEDQ ZDWHUVKHGY KDYH VLIGL: RIWWLEH Mibhiv bR X B 1D TXD
DQG FKORULGH FRQFHQWUDWLF%%&U(#'XUL@“JOE%W/'HYNIQZ Wik VXOID\
SULPDULO\ IRUHVWHG VWUHDFE¥ ﬁﬁ%@w\ﬂf@i”ﬁr@”ﬁwe@@afeasWhefe
JRU H[DPSOH :ULJKW HW DOWKH XQEg3FS(\6BWHERORJI\ LV FRPSL
mean sulfate and chloride concentrations in urban -KDWUL DQG 7\DJL DQG VKD
VWUHDPYV XUEDQ ODQG XVHVDMO poc 7/KH; DEUXSW LQFUHI
UHVSHFWLYHO\ ZKLFK zZDV DOPRMI QWYPNW pRQNL PW pWKH :):5 PL
WKHLU UHIHUHQFH VWUHDPV QDWXEBRE® 66588 IvHQ WKl XQGHUO\
FKDQJHV LQ LRQ FRQFHQWUDW LKdlv ERY Wiy uH b PKDY WRKHQ RQ 'V
:):5 DQG DFURVV WKH HFRUHJLRQOMMMWH R 1; WAB KU NG ZDWHUERC
SDWWHUQ ZKHUH VXOIDWH DQWXPkibWD I\GHR FR W P PYWLRQV $IW
LQFUHDVH ZLWK KXPDQ DFWLYIUWRP DBHKEL Y YWHERS PRERILRWKHUV
&KORULGH LV QDWXUDOO\ SUHRXOQ®DP YO VW UHDPY¥RB QREQWKHVKH ¢
PDJQLWXGH RI WKH FRQFHQW UDRWVRIR 8 RIHV O/ HG vy WREIDLUHG
XQGHUO\LQJ JHRORJ\ %XW FKEROHOMKHVXSY WHYHIPESRIWLRQ LV
FRQVHUYDWLYH K\GURORJLF W8OAHU EHFDRAH HW GWKN kWP HQW
UHDFW SK\VLFR FKHPLFDOO\ L®& PR | MXWVWRYZ DRERW WP RI 6L
LV ZK\ WKLV LRQ RIWHQ KDV DB SSVWRRIQAIDMALIHONPWERYGQWWUHDP |
DQWKURSRJHQLF VRXUFHV LQ 2@WHUXKY G\ QAK PINVKMRIILWERQJ WK
D VLIQDO RI ZDVWHZDWHU HwXHbW PBODPULHOPH QMWD BEWWHAMHQ WKH
DO +DJJDUG HW DO RORZRG O QIVQER MKEH WU XH XQGHUC
IURP WKH ODQGVFDSH H J GHWWNHOA GKHIWUR DQBXMMBLIHQW GDWD
7KH VLWHYV DORQJ WKH :)b@undaries ere vietermired.D W H
the WQS for chloride, but chloride concentratons $ VXOIDWH OLPLW RI DURXQG F
DW WKH :):5 DQG DFURVV WKH DSSUWSIWVLDIWWKH WO NQWHQW RI W
+LJKODQGY DQG %RVWRQ ORXQWWXWYW @ QFRIFHNDIMIHRK QGWKR QG LW LR (
SDVWXUH SOXV XUEDQ ODQG XWHIDFKHV RI WKH :):5 +RZHYHU
5RFN ZHDWKHULQJ Rl XQGHVBRXQGIPAVYRIFRED/GQGHU HFRUHJLR
LQAXHQFH PLQHUDO DQG LROR AKQWHKGW UW R LIRGHQWLI\ YDULDW
VXUIDFH ZDWHUV HVSHFLDOQHRONRJIEDVH WAKRHZ FAKHQ RI WKH :):5
JURXQGZDWHU LV WKH PDMRWHPRKHUAR RERRIGDW VKRXOG EH P
DQG FKORULGH FRQFHQWUDWWRK®YVDEWXSXD 6D QIH HDWHHHG LQ X G
GRZQVWUHDP DORQJ WKH :):ZKHUKWLIK VBXOWDWH PDWHULDOV
VXOIDWH VKRZHG DQ DEUXS Wsha@ Rlonkrate.Hf 1He RIiRidé iswedrawnanRere
ZKHUH 6LWH LV DSSURJ[LPDIJHR®RJI\ KFRXSIMWUHDRLHQ WKH ULYFH
RI WKH HFRUHJLRQ GLYLGH 7KS$SURSIUHNWHNOW K\DMI FAHKHWUHHG  E\ |
PD\ EH D QDWXUDO FKDUDFWWUQNWLH OMPLSORREYGWWHKHQ EH
:):5 ARZV GRZQVWUHDP ,QGHWMBH .QQWXWD ®®\ KLIJKHU FRQFHQW
GHYHORSHG D JHRORJLFWKDBIS 2RD UNKHLIKVOWM QGY FRPSDUHG
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Figure 4. 0DS Rl WKH EHGURFN JHRORJ\ RI WKH :HVW )RUN TXDGUDQJOH DGI
UHSUHVHQWYVY WKH :HVW )RUN :KLWH 5LYHU :):5 ZKLFK ARZV IURP VRX\
VDPSOLQJ VLWHVY DQG WKH HFRUHJLRQ GLYLGH LV DSSUR[LPDWHO\ NP

ORXQWDLQV SDUWLFXODUO\VZKHMHVIBRXYBEZDPDHFURLQYHUWHE!
FRQWULEXWLRQ LV JUHDWHU HKWRXFIBXWD.@QE BDQQHHER Z (OSKLFN
7KH :):5 LV GHVLJQDWHG 71BRBHOHSULPMUWKH :):5 WKH JUHDWH
DQG VHFRQGDU\ FRQWDFW WHDUH U WQ RDQV H GRERHFHWQMWFUDWLRQ ZD
DJULFXOWXUDO DQG LQGXVWIMWMR® PDOOWAHNP REAVSBUOMNHIEY YDOXH R
DQG DTXDWLF OLIH 7KH DTXEWODORZOWIKH WHKUHVKRIOMGAVQVHHQ LQ V
considered the most sensitive to increases in sulfateVW XGLHV )XUWKHU RWKHU GHVL.
FRQFHQWUDWLRQV FRPSDUHG WRORDWKH W KHNVYEKRDWBMQ MBDHVWKH X
DQG WKXV LV WKH EDVLV RI WKHH4D0QQ@ WKHQ)KLIKHU WKUHVKR(
SHUVRQDO FRPPXQLFDWLRQ 1WMNWKDOWHRW]D®GIVRPH OLYHVWREFN
| WKH LQWHQW RI WKH :46 IRDQ&XFIOWRULEHWRROFROYWEWWLRQ W
DTXDWLF OLIH WKHQ WKH OLFKDVWLRXV 8HVLRIQXWHEBEHXVHYV DUH DC
TXLWH ORZ 6XOIDWH FRQFHQWNVUKHVER QVHDPWUDW DR WL RREDNUYHG |
WR PJ/ DQG VWLOO SURWHARWIYWKH PRVW VHQVLWLYH
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Conclusions XQGHUO\LQJ JHRORJ\ LQ WKH FDVH R

HFRUHJLRQ ERXQGDU\ ZDV GUDZQ Z

:DWHU TXDOLW\ FKDQJHV IYBPxXSYWAIBE JWRORJ\ RFFXUV W

GRZQVWUHDP LQ WKH :):5 ZKHYEyWLRBLEILWKH7:$:5 ZRXOG DOVR El
sulfate, and chloride concentrations increase as weyy K H G OLVW IRU VXOIDWH

PRYH GRZQVWUHDP 7KH HQWLUH NP ORQJ :):5

KDV ORQJ EHHQ RQ WKH 6WDW¢‘E|¥nOW|&j St R LPSDLUHG
ZDWHUERGLHV IRU WXUELGLW\ 7'6 gG VXOIDWH %XW

PRVW RI WKH :):5 KDG FRQVW L Wexvau@ \e prhank HaBpaeDNatershe ¥lliance
WKDW ZHUH ZLWKLQ WKH DOORADFE®$LQAS Vb*‘LLFVLWWPN 7KLV SURI

UHVXOWV RI RXU PRQLWRULQY*Y W HE Wi W *HROR%(FHD?(L

VHIJPHQW WKH ULYHU LQWR <

XSVWUHDP SRUWLRQ KDV EHHgRL?A}-k %éﬁ?}( v%mgg/ﬁv\}é‘ﬁ?q%xusgﬁ

RILPSDLUHG ZDWHUERGLHV IR LUR%L\/G#%W\SIQ@LQ—JH@ RI WKH 86*6 :H
)W FDQ EH KDUG WR SDUVHg®R. Ko MRS KO RI DOG HLWK -

LQFUHDVHG WXUELGLW\ 7'6 F@@@HMM@DWUGLRQJ MOOO\ILQJ ZDWHU
):5 2XU UHVXOWV VXJIJHVW WKDYN WKH OV REKEBWH HGLWRU DQG W

ZDWHU TXDOLW\ YDULDEOHV UBWHIHVH FZRRWK QYO WHDWLKQQQIYH LPSU
KXPDQ ODQG XVH H J SDVWXUH SOXV XUEDQ ULSDULDQ
VRLO W\SHV DQG XQGHUO\LQJAUH® Biiand Cormac tnforntation

LPSRUWDQW UROH LQ WKH L FUHDVL.Q.J FRQFH WUDW 38RJUDP'
ZH VHH :DWHUVKHG PDQDJHU |
SRWHQWLDO QDWXUDO YDULD 3?532 @%wﬁvﬂ
WR ZDWHUZD\V VXFK DV YDULlp JUHH LQ |

LQ HFRUHJLRQ GHVLJQDWLRQ elﬂwﬂd\#*ﬂHLLb ZK'I"LQQFDWWUHYQ'@{YHUVLW\ F
VSDQV PXOWLSOH HFRUHJLRQW WMHKMHVER X@GRHWE WRRW G SENDQVDV I
GUDZQ EDVHG RQ NQRZQ FKDUDEWHORNWLPM YSHQUWDBEXORIWMDIK UHVS

Table3. 7TKUHVKROG FRQFHQWUDWLRQV IRU 7'6 VXOIDWH DQG FKORULGH |
SRWHQWLDO LPSDFW RI H[FHHGLQJ WKH WKUHVKROGY DQG WKH OLWHUD

-------- Literature Thresholds --------

Designated Use Impact TDS Sulfate Chloride Sources
(mg/L) (mg/L) (mg/L)
Aguatic life TRI[LFLW\ 6RXFHN DQG .HQQHG\
(OSKLEFEN HW DO
'RPHVWLF 7DVWH $3&(& 86 (3% E
ID[DWLYH
Industrial 6D OLQL W00 'ULVFROO HW DO
3SRXOWU\ JOXVKLQJ 200 Austin et al. 2016a
7TR[LFLW\
Cattle /ID[DWLYH Austin et al. 2016b
TRI[LFLW\
Swine /ID[DWLYH 1000 Austin et al. 2016b
7TRI[LFLW\
,UULJDWLRQ 6DOLQLW\ 142 Austin et al. 2017

5DQJH LV IRU SURWHFWLRQ RI WKH PRVW VHQVLWLYH VSHFLHV
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FROOHFWLRQ DQG DQDO\WLYVY DQG UHBRHWWS ZHWWWRB FRHV XOWVRIRW WKH |
ZDWHU TXDOLW\ PRQLWRULQJ SURMIBBWNDBKH BDWNDBI) VRY WDFMHHG 5HVR XL
at HULQ#R]DUNVZDWHUZDWFKRRUJ J)D\HWWHYLOOH $5 )6 KWWSYDLODE

:DOQXW 6WUHHW ODLOER] 5RIMRKRBBUZRUNY XDUN HGX FJL YLHZF

'« %<zt ( +2€€ERUUHVSRQGLQJ DXWHKRERQWHY, BEBAWHG 0DUFK
'LUHFWRU RI WKH $UNDQVDV :DWHKYVIHVRXVFHV/ & ANSERRIPQ& +HQU\ 0
B3URIHVVRU LQ WKH %LRORJLFDO DQ&$0UtRXIPWRUDO (QURE MHU IKRP OHFW
'HSDUWPHQW DW WKH 8QLYHUVLW\ BDESQHQNO®F ,QVHUSKHW WKH 5HVXO
UHFHLYHG KLV 3K ' LQ %LRV\WWHPRQRPOINWGIHAROLEDPFNIRIFHY $SUNDQVDV I
2NODKRPD 6WDWH 8QLYHUVLW\ 7KH &HQWHU X\PANW W N YU-EP\WORAIX BB H V6
WR KHOS DGGUHVV ZDWHU UHVHDUFKWWE¥ v VEKRQDHARUNVZ XDYN HGX F.
'U +DJJDUGYV UHVHDUFK IRFXVHV RYWIROHY T xDRQ WK FidyiyZHG 1D U FK
KRZ LW LV FKDQJLQJ +HK®PDUEBBGHERGWRIDFWHG DW
uark.edu RU © 'LENVRQ 6WLORWSWD *6 DQG 5 ( %UD]LHU
5P YD\ HWWHYLOOH $5 +LV 258KHQXPAMHHIQIEW RI VXVSHQGHG VROLG
and aquatic biotawater Research
2861. Available at: KWWSV GRL RUJ
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