HFF R OF CHONCHENTRATION OF ADDRED CHBELATRES

AN SALTE UPON BURVIVAL OF

SRCHERICHITA OO

AND sHIGELEA SONNEDN TN LAKE MICHIOAN WATER

L. H. HEDRICK
fifals Mistitade of Vecinclegy, hicegno

Amreser —Bpdinm thivsylliaie in 3
coneenlralivn of 30 /i ml i a
prafective pgent [or =arvival of popols-
dloms of dhigedie sennse pngd Bocheriokao
el i saanple: af toxie Liake Mickipun
waler, BHDFTA is wore or less proleciive
awcordineg to the conceniration= wq=ed,

Thiz pepore iz eoncernald with the
affect of tetra-aodinm aalt of ethylens
diamine tetrsacetie acid [EBRTAS
sl i thiesnilfate. indate and plos-
phare agon e snevivel of Shigefia
goniney gl Eieheviedog ealvo i Lake
Miekigran waler. The slwly of {he
pTeet al inergsanie ons apon surivil
ol Bacteric in lalee waler is pa-t of
wn exbensive praseam that las boeen
in progress for abont ten vears. As
fhie result of <his work, we have evi-
cenee chat Lake Miclkizan water,
with respeet too begieily toeard &
cald qeud its relptives, way be b
geicrizsd by fogr gvpes, (10 hizh
txiviby g Tow stabiline, (20 lower
Insivily bt preator stehility, 059 in-
cipicnt toxicite whish i= activavsd] by
hept aud (47 ne foxicity, even when
hestod ar 1007 O For ten minutea, In
type (10 water, 31 shananns to T
thomand fasr haeteria mayv ke lallad
within eme #iown himars,

Meohle aml Giolhaqs C100500 esliat-
lishel that eoliform harleria e
creaser] in nombers when the un-
treg-ad Lake Alichiresn waser was
srpred 21 temperatares rangie from
o0 o a0t O Tooall moaths of fhe
year, there wos o significant lss o
ciliform pumhbersy The Insssas wese

coapecinl rhe

maantha.

lnrgs  1n SMILeT
(1 severnl aeensions thees
WhE 4i|.a'||=.ﬁ:-.u:||1' lizaa with'n e ar
T Thear alen pacahlishad
thiet Mo S 0L, furnisherd pertial pree-
tection when odded 1o the water sam-
ples o the eaneentration of 19 me
per ol Shipe amd Fields (1956)
nsed] the chelating sgent wwrsene,
EI¥'A, oo pliminate the effects of
henvy maetal ioms in Pennesses [River
vatera, dobavnessen (1H57) report-
eil that imsdatz was responzible for
the lozsg of ecoliform bacreria in New
Aenland seq warer,

|l

MarERraLe axp METHOD=

Untreatel Lake Mickizan water
collectodd] direct]y from che inenrrent
stropm o ut the Chicemo Theh Straet
witter filiration plant was bronght to
the  labevarery  wind  slevilized 1.1_:.'
filtration  through Selas,  sioteeeld
alpsn o aowiehrone fillers The G-
tered  lake water wae  plaead o
alienieally elean oy rex battles, They
et wisclod wf least 10 b o bape.
waler aod Uires (mes o Cistlled
wiater. The hottles were povered with
pluminum foil during sterilization
far three hours gt 1650 o g alee-
e pven,  Befime s, tleesis alumi-
i floks ware eaplaeal witlh onlton
steppers whicrh lad bean aterilized
tan rubeelve, This precanition was
eaprrised 1o peevent the presence in
the battles of any toxie fames from

| % |




At r.l_,l' B terin a0

fented cotton, The lake water pll
was 1.8 to 80 und the pll was ad-
Jqusted with 1 W O HOL o 601 N
Nallll atter the addiion of any
agremt,  Ddstillad water wae thriee
digtilled n glass from & weak per
manganate lake water soluticn. The
ciatilled warter was botfered  with
(L0038 AT polaesa e prrsphale o ogive
a pH af 7.5,

The & somaer sl B, sldi cells wrre
ciltusel Tor 240 hovrs i besars n-
Trsaom kel ol 3350, The cells sesree
|-e‘:|'r1'::|"'l.|'r:HI. washed three times and
suapended i A0 B pocassinm plos-
phuarte buffer gl pll 7.0 Buspensions
nf these eells were heonsht tooan
aptieal density of 1.0 in sterile better
andl 1wl of the suspeosion aas io-
oenlated info fest botiles eonlaining
Ml sterile laze warer, Che pair of
bettles eomtained 2 1 to 160 dilaiion
af the suspension ; another pair aon-
lamedl & 1 4o T diluton of the
swsprensnin . These latter hitthes had
ahaut G0 16 80 viable boeterin per ml
'|'|'|'.FII B !-Irl (-:Egl.llil:lﬁ WIS '|1|II|:.-I_'|:I .I_II:
aes Thine o el inlsion inmr, The
e time et was depermined for
th= test oeganisme in sversy axperi
ment. The bottles with the highe:
coneenteationg of cells ware nat sam-
plad exeept for time studies with
'|I.'-I.’!']'|[;-' toxisz watera, That i, if we
snspeeied that all the bacteriz in the
hottles with the 100 dilution wenld
b killed, we wonld then defermine
the number of viabkle cells in the
botile with the LO7* dilition.

In studies with sodinm chiosliate,
the  coneertrationg  fested  raneed
From 5 med100 ml b 1000 @ ml.
Thiriy oz 100 mi wos the minimam
offecrive conesntration,  Yable and
Gullons (19330 vsed esgertially the
signe eemeentration in their stody

which estabiished thar sadinm thio
aulfate Aets ag a protective agent Tor
caliform srganizms i anlreatel lake
Wkl e

Hearrms awn Thscs s

In o serwes of tem oxperiments,
Sralinm tassulfute wiforded ar aver
age proteetive valne of 43% when
added g coneentretion of 30 g
1M el to highly to=ie lahe wisler—
thiss waters in wlioll there wies over
a Havg lasd of Shigelly saadier within
24 hours. The rangs o prodecton
varied Erom $0% 1 Haty,

When the wark ol ®oaale gnd teal-
Tans {15550 was vecalonlatad sn the
Tarsis of per cent peetection afforeded
colifomme  using the PN [ Mosl
Mrobuble Momher meethod, the aver
agc probeelive valoe Tor 210 experi-
menis was 417% . The wrnnt of Tra-
Pection supplicd during eash maath
ol the vear is given in Table 1, These
resanlts are the averngmes “or the effent
on toxic and won-toxic lake watess
while the aversme eitad in the preevis

Tance 1—DProtecior  Alordel  Oali:
form Haeterin by BMa S0, o Samples
il Lake Michipum Waoisr When Htcred
for 14 Haars ac o 4L Calesleis] Croan
Hohle {73580, J, Bacteriol. 55 24D

Numwiwer el | Froteplion
Olurith Saraples Afarded O7
N ETRI T 1% 4
Fyel v iam I3 L] alh
Mach. .. 15 i
Apnl. . 17 My
Moy, . 14 Lk
Jume. . 17 ]
Julr. ... 1 LK
Angast. ... 2 afh
Heplieier. |, ] e
Cherlober, oL Lo Nk il
Movember, | 1% ik
Dhemnber, - .. 15 i
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S G CCHIEA TR ETENG OF e gy wo 00

Finwrer 1. - Fifecl el capeemorabions of
thicaulfate wpoo  proleetien  aferded
ERigelia sodne wWhet slored in booxde
lihe water (51157 Inks warer].

ous parsgrapls wes for toxic water
anly m relation tio the survival of
o, serest, The sepevate popolalions
af Boeali and & sanae? respoaaded b
thinenltate in eszenticlly the seme
wanaar as Jdid the mized wnd eom-
'|'.||F-:{ e el s ol baeterns kkngoan
el L‘“i:IIiEIII'Irn.'i.

Rasnlts :f a typies] expariment
with varying concentrations of seli-
i thivenfate are sven in Piore 1.
In the bermeshiate  eonees 00010
rug_-"':lnl i GHE g Sl the diforenes
i ennerndratiom digd not appresiably
effees the amenrct of protection a”-
fordad By the =N, However, with
hirher conzenrrarlons the protest lon
afferdsd by 100 mgdml was nearlys
L)<

sShipe and Fielda (L9557 airril-
wiell their pretestion of eolitarm ar
Fanisms in Tonnessee Hiver warers
te tha chelaticn eTes of EDTA wpon
the {oxie leavy metals. In exneri-
rreents wath BIVEA 31 Lake Michizan
witbes The agremt wis necdl in coneen-

Trapseedione: Hlineis Acadawy of Soicass

trations vanging oo 1Y 4o 10°F
e'ml Invariably che 100! comeentea-
Lo s lasne, ol Dhe T2 onmsendra-
tiame wue woeh mors nratective than
were the eopeentrations of 1607 and
[t The 107 coneentratisnm  was
mare protective than the hizher cou-
cendnglion of 100 and 1077 and the
lesser coneentrationg of 107 apd 1075
Siudivs with EIVIA in teiply dis-
Bided wator rave wesults shmilar o
Phose ir Lake Michigen ware. To
these particular experinsunis  =ih
the distilled witer aml 1he lnks water
ware hivhly toxe for the tesr hae-
teria withoul any added swent.
When  Ahe  resicusl  popnlation
spwmbers are plotted prein EDTA
vonecntrations, a himedal earve s
shtained] (Fix 21, Rinee the Cistied
water wpne frem chemically olean
class, Mhe concpotration of  leavy
mekals in this walor is very low. The
Inke water with a pH of BA wanld
likpwize have a low copeentration of
h'PH‘.':-' Illl.'ilﬂ.ll illl'll'\-i. HI."”I:'I:' HU.' E:lrl'l[,-L'l.'-
Hive offed el BAFEA 15 idne o some
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Fiuvkee 8 —Efcet of ienboation rim=
and EDTA copcentration apen survival
af & senmed in lole wooer cnd o dis
Lilled watsr. Symbnls: cirels, dot oand
Almslaed  Line, & hoers Incubatbon;  Lrel-
witgle and dashed line, 10 hoors toeaba
Tl X-mnark and lins. 24 Eours joen-
balivn; 2od sgaace and lioe, distilled
watar E¢ hoirs




Spraival of Baclerin

meckunizm other than the ehslation
af hegvy mersl ions inheren: it the
water,

What i the explonation for the
himodal carve with diferine  con-
cerbrptions of EDTAY The answers
are oot known, bor some fentalive
Iy potheses will ke pressntad,

The M1 concentraticn iz obvionsly
toxie to the bacterial eells. The pro-
tection pemvided by tha 1072 coneen-
tretion of BDTA, may e cxplainml
by assuming that: [a) the agenl n
some meaner aeta upon the sarfaes
of 1he eells by Bowdiog sooe fulili-
tory iobs anddor (o) sefbcienl adl
acrpiisr of EDVTA be cells o block
the eniceanee of the lake waler toxic
fuotor, Wz have no prool for either
hrpethesis, Why the copeeniralions
of 0% and 107 ars less protoetive
than either af the IOF* or the 1005
eomeenitrations is wol looswq. The
nEarly erual probestion provided by
the 107 and T® eomeenirabicn: ooy
be attribitsd o the chelation of Jdif-

Furge I—REfect of EDTA poneen-
Lrabice ugsn =wevival of & sunesd,

SN PEMGOMTAID OF GOLLS § @0kl 15108 cpiuriel

HOURE W LEER wATER FuEd £0Th AT EFC

11

ferent  “ypes of foxic  sobstarees,
Bhipe and Fields reporeed thar op
timnm eneeentrations of KIVEA foe
chelation of the beavy metals, zino
anid sapper, weee 107 and 1007 e
spectively,  This cheletion of the
hiesivy metuls prevenced the Toss of
ithe baeterin in the Tenmesses River
witers conteining these toxio lieavy
rmedml 10nsE,

In wn experiment with the sor-
vivel of ¥, sowmes in lake water, 1ha
concentration 107 was as profectiva
as 10" for the first 12 hoarms. Bror
lengper perinds of time 12 waz mueh
leses piTeenive (1M, 31, The ahesnes
af protection o Locls distilled s
lake water for fle wesher eoecsi
teationa 1077 gndd 10°% b5 ebivionasly dos
to the low consentration of GIFT AL

Aw indicated in Table 2, there wis
].111.'11I.H.'|:i-'lz|. aprainst  the foxie fasztor

Tamr 2 —Proteccive Effect of Todail:
Upuar Toxle Feotor 1o Takse Michigan
WateT.

Mol of
ipyelln gopne

% LR pry ki
of Lakewaier ar

T.'lhi"li"'!l]'r

papending Meodinm Flis Toslabas,
After 24 by
Lo Starage: st
Time: 210
Labes: Wonder
CI0-15-570 . &5, 100k I}

Lake Water Dlas
Tl 0L01 ngml

A2 sl

L, &S lill, T
L5 T 02 42

2, 10 30, M
158, &5 EH AL

(LIRS np sl

riAkk sl




1od

in Ll Mielogon water swhen the
wlute consenrrarior wag as low e
0T sl The resulie iven in 1l
tahle ave the avervages of four eare.
Fully pontenlled sxperiments. How-
avalr, «ahannessen :'|.'i'.-_rT] |'|';:-|||'.'|'-1
that inclate i 1ha poneeniralion: of
AR et O e Sl owns ot ba oenl-
frrm in ses waler. The stiempls o
detaer any ndate b0 Talee Wiehire
wate® nzing e sul‘arme aeul hilrg-
tiamn '|'|T'|'.I.'H|III'I' |-‘|||||"l|.L '|| '|:|_'|' -_'|'|||':='|:|'-
NESSAN WRTE ISRy,

Allen, Pasbey amd Pieres 11020
reparted tiat IS 31 phoasp hats was
the minss dasomble comeentration for
e storare ol" M0 cal gl related
rEan i Himka and Stoges !:::rE.'."n
imedizaan] fhat phosphate hofer nsed
as odibpent in dilution botties e
mateecl the Doss i aone Dostances of
s maneh e 309 1o 3095 o the hae-
teria within 30 winutes and as much
ag B0 Togs witliio ao hoar.

In the lake waler sbmilios i wis
degivable o cvmpare the soevival of
mwamners ol baeleria inowell
witl thase in Sake wader The pbl of
Bl well wates was milinstod $o ther
af Tl Takee waler wille 008 51 nhins-
The elfeet of the same con
apntrEiion of phosplhaoe nloke water
was dletermine] on severpl ditferent
sawipling: davs. Tn weneral, the re-
sults in lale water for S sannes anck
Y.ooeli werse similar. To oeests with
phosphate (0000 M and 0005 35 in
llee: wrzer afforded seme protectior
there wis abeut o 507 loss in 24
Feoers, oo wessker |_':.|I|'_IHF,:-|I.\,!|1_|_"' -
cervtration, Tess than OOE M, ibere
wax a1 Wiy [ Epwever, this is
prabaily noe o significent diferenes,
In the studics witk treiply distillad
water [rom glass, the scrvival Lor
onosenaei owith o owithont 000G M

WRTET

leizs,

Trapsactives MMiweia Aoodeiy of Heiepeo

phosphiade wore eenlially the swae,
that ik, aboat o D00 liss witlin 24
Boears, In Dol ol these conditions
there swis more loss thian with the
parenl lake waler from whish the
distillen] waler wiss prepared Raehe
Foefin eold appears o be more sensi-
tive oo chiskilled  warer  thaw  docs
Sl wganed, anil phosphate s sbee-
fivie forr &, eele nocdistille] watier,
Tlhese: ot are given o Table 3
Thew nre ab varianee with the work
repored by Siraka aml Stakes with
e oTeet of phesphate o dilotom
sufutione 0 ocsperiments wih lake
water, the water was sterilised by
Aliration after the wddition of the
phosphate. In the Straka and Stokes
stidies, the phosphate was added to
the dilnent prior to sterilizeticr in
an auloviave, Finkelivein and Lenk-
fomd CIGTT hve  fndicated  that
phosphase at pIT B indoees wxizicy
npon belog anteelnved, sspocially in
the presenee of s,

BUMMARY

[n the studies of the survival of
popilations of Skigella avpael and
Eeeheriehia eoli in Lake Jichizan
water, it waz determined chat sodinm
thigenlfeie in a coneentration of Gl
g S0 ml was & protective agent in
sampes of foxic fnke weter, o pon-
toxic lake water, it prodoeed o ef-
Fevt, Tenlpts i the enncEsnbrabioonss
] s el foeie b Dhese 18l e
terii moer eenled kel e eteed in
Banke Wlishigaom waler.

The chelating agent BITA, wan
highly procsciive @, coneeniiationg
pf 10E A0 and IFS oSml, bt i
was less proteelive at eoneenteations
of 1078, 10+ 1T gaad T Ar the
10t spncenteation. I1VEA was Tghly
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1ikd

toxie to the Tasteria.  Sinee the ro-
silts were sbtained i both tiply
dietilled mnd nloe wister, ste welion is
pthee than the ekelation of the heavy
pnelals inberent in the waters. Po-
Eassimn plosphatae, LODT M, b5 some-
whitl proteetive ta 5. soneed anil
eali in lole water ond Ls peotactive
to &0 coft indistillad waler, Pl
phate in D005 3 gud (0000 3 con-
captrations 15 noither prolarive nor
especially toxic,
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