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Physicochemical factors affecting the adsorption
of E. coli in estuarine sediments.

Geon-Hyoung Lee
Department of Biology, Kunsan National University

ABSTRACT: The higher bacterial numbers on clay than on sand were caused by different environ-
mental factors. Such factors affecting the adsorption of E. coli ATCC 11775 in the sediment as follows;
optimal pH range for the adsorption of E. coli ATCC 11775 was pH 7.5-pH 9.5. E.coli ATCC 11775
were shown maxima in the salinity of 18.75%o on sand type sediment and 12.5%o on clay type sedi-
ment. Bacteria attached better to clay typed sediment than to sand typed sediment when organic sub-
stance was eliminated. Beef extract of 0.5%-1% concentration was found to promote the attachment of
E. coli ATCC 11775 effectively. Peptone of 0.5% was enhanced the attachment on the clay, and pep-
tone of 0.3%-5%, on the sand. E. coli ATCC 11775 was found to adsorb onto benthonite with the
highest efficiency and on celite with the lowest efficiency. Efficiency of adsorption by inorganic ions
was shown due to higher values of ion. Adsorption was achieved in the order of AP+, Ca2+, Na*.
KEY WORDSUIE. coli, adsorption, estuarine sediment.
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A2l heterotrophic uptakes =-5-8-93 4ol
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AE9l HEF EAE )il Activated clay
(Junsei Chemical), Celite 505(Shinyo Pure
Chemical), Kaoline (Junsei), Bentonite (Yakuri
Pure Chemical)& 7 10gel saline 30m/Ze] H]
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off 7}slodeel HEL] Hefoll ubE AFo] F2HA}
5 AAkslod

7. oi2{7Ix| Lo|2e| ol o3t MiTFe| F&

5.1.9 Weg frles AAAZ AR} A
£y HAE 10gol EH S5 30mlE Hhgk
% Carson 5(1968)¢ =& dF T3}
NaCl, CaCl,, Al (SO,);% 107*M, 1072M,
100'Me] Fx2 abeoich, of7le] AlEelE 1,
54X 108 cells/mi, A E+ 1.17X10%cells/m{ <]
TATE Ze AYTTE 2ol drtsled oz
7Fx] oFolo] ALE " HEWo] EAG off §-zH
a5 FAs9

o o3

sioliMe] MiZe] MET

o] 7l st "ot aakEle A
oln2 o] 29 EHAEE wAY EAHEoA
ob= =] slie] ks wol| WA}, =3 F
HEol| Ak At 4= sl Aol A&
sojo} HEL 4 ik, wiebr] APAuo)A o
A% a4 BAsIN E. coli ATCC 11775%
HE} Al Zbzt Baka)Zl 7o} a4 A
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A 3A7kE 30%7F AFEE9lew 347 o] 3 iE
= AHEEE gl 2A 3k AuE EAlee A
<+ & 4 2ot (Roper and Marshall, 1979).
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Fig. 1. Survival of E. coli ATCC 11775 in seawater and

sediments.
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5 BAsgc), dubdoz s)4 3«] AlZrol]
Mg Zgof we} zlolrt glA|ul A pH gt
< a72° 7% pH6.85-pH8.3(Oh et al.,

1985) 579 7% pH6.18-pHS, 17 (Hong et
al., 1987)°] #FollA wsts|gict, weba] Ay
Aol = 7+ Eld g o] pH Ae) & 7)5odolx] 23
pH ¥l fAF8F pH5, 5-pH 10, 52 ¥ 3}4)
o AggFe] FadelE odolugit o
73} Table 104 R vlo} zdo] AlEd E=e
ol 4= pH7, 5oll A %ﬂ«‘ go] 56.2%% 713 9k
steiet pH7.5% A P"%H = FAgo] 7h4s)
o pH5,5-pHS6, 5‘4‘4? 42%-48.7%, pH3.5
-pHO. 5ol A& 18%9] Fahgo] modeh, e}
AEY EHEAE pHS, 54 97.8%-99.3%
= Avje] B35 volond, pHS. 5. pH, 5oM
< 26.2%-59.7%, pH9, 5ell 4= 55, 3%z
o] Zhasle] a4 3o pHel fAlgk wZo)
pH8 BollAl F-ahgo] Hol & peblct, Adubdo
2 5ol AEd EHAEAE pHel w3l uleh
ATl Acket 48ke Folon HEH FA
E2 7% pH7.5-pHO,5 HFel4 = pHel w3}
off @AYol Fate] A o] Fojxich, olojzte A
I 2 AEe pHYF 9= okt th2x|ut Hogg
(1976)ell 213} pH4-pHS Afolol 4L pH Zhol
Agle]l 4% a23k24 Aol DEAE Cellu-
loseol] & Fzkglch= Az} fAlaboict
M2l Bl olxls 2z At
Aaqﬂq]oﬂ,q 7t ;];GE_ 347:3_4 o
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b
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ATCC 11775% 7+7}o] 24%49% 7t E%of w2
TR A (Fig.2), 2 A AEE
HA R 250 upbE Fass) Alsted 4C
of 37CoA A= 271 147kl 80.6%-90. 8%7F
2 F A7ke] st whe} Habgo] ¢ e 74
435lo]  24417k8 ATl B5.7%, 37ColA
= 61.6%9 28-S Jebdch oeub 20°Cel
e 27 1R[7l -‘?—Z}%w"— 18.3%% wsre
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Aol mreh ¥ato] Zrheo] 244715
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Fig. 2. Effect of temperature on percent adsorption of

E. coli ATCC 11775 to sand-type and clay-type
sediments.

A okob 24417 Follx 7|9} Fro] kg
7%-99.5%% H& &g fAlskdg, Al
Agdael E, coli ATCC 11775 2%
et AEY EHARolAE Fakgol Wil g
i AEY HAERAE Lxuisle aAgle
vl obd e HAg-g f-rlsldnt,

MiZe| f&tof o|xls AE Hat

detdol} 7lFdolrs 71-eke] Alo], whs
o siro] Egas, whol $9] Eol oaia o
el Wl cpeksiet, aleba of 2o gz
EollAe] Al ¥a Hrr oj¥ol ko wa}
H3te 7o,

T AdolMes AdAU AE 2 AEY F
HE AN sgdn FHEE R wske =
Rew Algre] BAEAZ Abs] ¥ kel (Table 2).
g Az Seaee AEd sAEolAE 36,49
o F2EAE o 7|4 dAA FALEE 6,
25%09 Aol dAtelu oha 2 39,

97.
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Table 1. Effect of pH in sediment environment on per-
cent adsorption of E. coli ATCC 11775.

sediment pH of sediment environment (%)

type 56 65 75 85 95 105

42.0 562 180 182 ND*
55.6 ND

sand 48.7
clay 26.3 59.7 97.8 993

ND*: Not determined
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Table 2. Effect of concentration of seawater on per-
cent adsorption of E. coli ATCC 11775.

sediment Concentration of seawater* *(%)
type 0 25 50 75 100
sand 35.4 39.5 63.2 67.1 58.4
clay 72.9 84.8 87.0 86.4 84.1

** Initial salinity of seawater was 25%o

5% F-2asE Jepa sl 7oz wshy

of whe} Fatansl Aak Fobsodd, =d HE
Y HAEME AEY HAEOAM Mo 2ig

ol o} Fo} &g elolM 72,9%9] F-2e-g u
olttrb 714 S nt KA 6. 25%00l A& 84,
8%%, Y & FxoliE Hago] dixlz 84,

1% -87%%5 -TRIsldct, o|efzto] &9 Fxo
el Fzte] FrlslE 2 Roperst Marshall
(1979)9] ®arofl ojshd ##F-E Saline sediment
of Arkshd A7k 4ol desorptions]: §-&
A ot g Fotdohn o}, o9}
ppa7bR 2 2pod A o) Bl A Bof EAjsle AT
AaAde] 55 X3 474 desorption® . A
A Fxrt gowl FHgo| FriEo] (Mar-
shall, 1985) EFEWolA] Aol Bao As)a
o] Fxof wet Aoz HEd £ gl oz
A ZkE] o A e},

Mol fatof ojxl= R7IE29 I&

7120l mHAHE E™Eo|Mel i : =
E 3AoA wldEe] EEE FUdsix gow
(Gray ef al,, 1968) o] &2 B2 = gk gz}
v 71 2 Sl oslM ZA Aok (Si-
ala et al., 1974), welA 2 AFos= A
AW f7180] AAR HAEY Qxp 727
of wel w|gge] Fadels Adsingic) §7E
<= AAAZ AES} HE E, coli ATCC
117758 AF3AE A$ AEdlME AZ3A 10
FollA 480 74A= 14%-18,5%7F BatEo] =
2 el 7L AzEebrh 14408 FolloF 6297F Hab
Hdeh a2 AEAE AHEdx
33.3%7F FAElon o o]F Malgoe] 33,
5%-40.2%% A7 35 T2k (Table 3).,
olgd Az FAsT J4de AR =
AH EokiAte A7)0 wlAE Hzgiel Al

e b

30E-Fof -
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Table 3. Percent adsorption of E. coli ATCC 11775 as a
function of time on sand and on clay. A) Treat-
ed with 600°C for four hours to eliminate
organic substances. B) in situ condition. %

Time

min) |10 30 60 120 240 480 1440
Sediment

type
Al sand | 14.0 18.0 17.0 24.0 17.7 18.5 62.0

clay 3.2 33.3 38,5 39.7 39.3 40.2 39.9

B| sand | 24.4 179 18.3 15.5 25.5 47.5 66.6
clay | 98.9 99.3 99.0 99.0 99.8 99.6 99.5

ANME izt Z7|9} v P& F-E7loll=
g A7 ole8 & 4 o (Fig. 3).
KAMEfo] EXEoMe] MR £
H S8 ZIaA AN e HHeE 2
3 AEdE 2. 72X10%cells/mi, HAE|= 6,
23X10°cells/mie] TAFE F2HAz7 A3
Table 3oll4 Bz wle} Zo] AlEoME 27] 10
ol 24,4%7F FAE|Qon] 480 FollE 47,
5%, 144080+ 66, 6%7kx] -2 34044 Llaz:]
HEANME 270 98,9%7F 25 T 144087
2 2 ze] Fabgo] fAEo], Fr1Eo] AAH
defe] HAEME AAME FaEe Ealgol
40%2 FH=ER oG Fr1Ee]l EAT wole F

oxl

ok

cells/g dry wt.

20 40 60 80 100
%, Silt + Clay

Fig. 3. A relationship between grain-size and hetero-
trophic bacterial densities in the Kum river es-
tuarine sediments.
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Fig. 4. A relationship between organic matter contents
and heterotrophic bacterial densities in the Kum
river estuarine sediments.

Aol 9997 FAHe AUA BrelA 7]
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Aol Al L5 A a5
e olA of A ehbe AS HHES &
e Aate oAbl SEEe] glof Hatel] 3ol

3 %ul ole}(Bitton and Marshall, 1980,
Kefford et al., 1982), %2 ¥w& {7]&
oli} T E-8 st Jdeklezs AlEEY

dofek, 7159 7% ohwliAal, peptides, Al
o, f714E ot polymer SOl A 2ol
ol gl ofado] EHHE FAel FAE o] glow
(Marshall, 1976, Paerl and Mekel, 1982),
7] & 2+ <l(Paerl and Merkel, 1982) #

(Stumn and Morgan, 1981), 7, 2] (Wal-

lace, 1982) %ol =poistziol4]
7] B Eo A= ALE  Zx 5] o]
(Fletcher, 1979 Kirchman and Mitchell,
1982), AH-fed Algraeh sixfel 2 Aol
7] 8o} olAked ¢l S} 7e ofokadFo] Al

\_ H
7k gon diabagx girstod Aol Ak

2

SEslo] gk,

u A
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o] FAH= Aol weH ) (Paerl and Gold-
man, 1972, Wangersky, 1977).

Beef Extract®| =Zof o2
& wrlEe] AA" AR HEH EHAR
Beef Extract® #7} #7lsledg WH E. coli
ATCC 117759] $-ztsl= -5 24519 cH(Table
4), 7ol AAE Abgolalis 18952 l 5-Ag&
Bolov) Beef Extract% 0.1% #71519S
319, 0.5% 4 7F4] 40, 9% & ¥-2h-go] A 2} Z7}5
‘”t‘]‘ ahAluk Beef Extracts 1% d7betals of
= 35.8%, 5% H7HAl 34%E F-zHgo] 9.5
]01 0.5%H 7k 714 =2 Hahgs Hgl

Mol &

H\}“ﬂ AEY E|-Eolr]l. fr|5o] AR
Aol = 33,3%9 FaHeS 2olov} Beef
Extract® 75 Fabgo] Falsle] 19% A
7R 39,2% % ZHFEE Holrhrh 1 o] F & 34,
99%-35.8%51 #AHEE FANA, shebd s
Hoz §718% WhHAS W /%9 Fes)

;& Di
m‘o
f

Peptone SEo0| WE Mo HE : oy
A2 4 Peptoned 77| o 52 9S8 ul F
iji ztzaziel wet E, coli ATCC 117757¢

zhEl= s aAstgch(Table 4), 2 23
430“‘%*- 4715 Peptoned ¥%7}0.5%-1%
o aloll 47.1%-49.3% % 74 e ¥AES B
ol wbd Aol M= 0,5% -1%2 Peptone s Zd 7}5}
9L wl= 35,2%-36. 0% h& 2abg9 el

t}7b PetoneS 3% H7bsldSwll 56,9%= 71
F& FAHEE WSl o]ebite] Peptoneel Al
o Habo] #AEE= A2 Peptone® M ohi

Table 4. Effect of organic substance concentration in
sediment on percent adsorption of E. coli
ATCC 11775.

Organic sediment Concentration of Beef Extract(%)

sources type 0 0.1 05 1 3 5

Beef~ sand 18.0 31.0 40.9 35.8 34.5 34.0
extract clay 33.3 37.5 31.4 39.2 35.8 34.9
Bacto- sand 18.0 15.9 47.1 49.3 23.5 184

Peptone clay 33.3 33.8 35.2 36.0 56.9 49.0
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&&l}i

tlo
£

ofp|Abo @ o]Foix glow] pH
Aol Ak wlgo] depxich
2] Peptones E|&HE S} ofefriz] &

FAE EAgc, wdebd HA R
ke Aol H2E Peptone®

qHA =] 7] o

ky, 1982, 1985),

HES| BR0| Wi Mo £3f

AEL] Firell whet 3peb 4] Ao 7] o}
2o] oo whE Alfe] 2 Ars el Aol
ok, wfepa] Z ol Clay, Silt, Hydroxyapetite2}
22 HAHE QAo Eofoli} FAlo] EAjsle F
FoF Aol Fatslolgul 1 ol mjAE &
ol gt <A77} 2ol (Kune and Stotzky,
1977, Laanbroek and Geerligs, 1983, Martin

et al., 1976).
2+ AdolME= )

EIRY

ol

o)

oy it
e

t
to

Mt
b ol

2

o] et

“olth (Dashman and Stotz-

oh2 AE=Z  Activated
clay, Bentonite, Kaoline % Celite® ZHE s
of AgFTE AL o 2 FREads B
3}t Activated clay, Bentonite, Kaohne«l
792 91.2%-98. 6% F-2&] zlo|r} Fast
dont, Celitew 11,0%9 #3282 Hof s
S FAENE 29ch(Table 5), o] 2bzto)
Activated clay, Bentonite, Kaoline &olA]
b gl 22 e TAAES trivalent
aluminum (Al**)e] v} divalent magnesium
(Mg?*) tetravalent silicon(Si**) %3} 72 jr}
oFolo] o] %ghsle] 97| wifoz A7)
(Stotzky, 1985).

of2{7tx| ¢o|2e| ol 2/E Mol £t
Tl o] AFY ¥ FRAAZITE B
27k ek, o5 E9 NaClelut KClY F=&
0. 1M7AR] FAAZIE  Streptococci faeczum‘ii
Hzto] FAlsledw (Orstavik, 1977), 27} o]
Ca**ol Mg?t o] 22 w3 sloklte] Fa8 %

Table 5. The effect of sediment types on the adsorption
of E. coli ATCC 11775. %

Type of Activated Celite Kaoline Benthonite
sediment clay 545
Organism

E. coli

ATCC 11775 985 110 912 98.6
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AAZ = ®urt glger (Marshall e al.,
1971), 37} o|2<l Ca’*2} APR*E  Streptococci
o] Bx-8- ZAX A} (Olsson ef al,, 1976), u}
] 3okdiel Pseudomonad®] 79 [ g3tk
APHE H7RAZIW 28]e] Habo]l ofAlsgin
(Fletcher, 1980), olefzte] F-rlo]&9] ZEAE
Al Fag FAAIAY A2 & 9t
upeba] o 2{7}x] ofolo] E|F E o] EAj3t uf
ol2igk ofo]ol| ofsle] AlgFFe] Faol| n]x]
= QS Lot Hsle] AlE B AEY EHA

Eol Na*, Ca?t, APt o]&% 77} 10~ M, 102
% 100["
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A B SS I N N
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Fig. 5. Effect of ion concentrations on the adsorption
of E. coli ATCC 11775 to sediments.
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