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The Effects of Physico-Chemical Factors on
the Microbial Population in Groundwater

Aol elsherd 2742919 o

¥

¥ (Young — Beom Ahn)* - ]34 (Yeo - Won Kim)* - o]ti¢d(Dac — Young Lee)*
w14 & (Byung — Re Min)** - /%4 Z (Yong — Keel Choi)*

2 % Ak Al TN vIAE 89 s B4R Ak, AE AlHelA S8R AASs=
20 A Lol AREST AL Y ) AP Wew 2 Bal - shebe BAR A F
Fae) % 9 AP FAY BE S 400 BFS BAY AT, 2L Alers AHS At Uiz 47
oAl A4 Aok EUol} S4BT FAsIE F1EA) ol4e 2 SR FATL 5.1~414X10°
cells/ml WFEE, FEARNFT 7154 ATTAL 0.01~29.6X10" cfi/mie] MFEE 2AE QT AL T4
9] FAEE 0.005~11.3 uM/I/hre] HEE e}y, lipase, phophatase, B-glucosidase, cellulase, chitinase, amylase
Foz BHES} Vet AHEZ 249 A7 FA6 HAL 4ece] AEBAL chEEA cor
respondence analysis)a} o} H =¥ B4 (multidimensional scaling; MDS)2. 2 3}9low, 1 A3 47]2] Hgto g
TFEE e, A TR vlXE F23 27 202 A A dH dXJsi= S B

Abstract : The objective of this study was to investigate the effects of physico-chemical environmental factors on
the changes of bacterial population from two sites used for drinking water and eight sites polluted with various
pollutant in Seoul city. In all the stations except for two sites used for drinking water, the concentrations of nitrate-
nitrogen and ammonia were in excess of the criteria of groundwater quality by the result of analysis of 40 variations
including physicochemical environmental factors, heavy metals, and bacterial populations. The numbers of total
bacteria, heterotrophic bacteria and functional groups of bacteria were ranged from 5.1 to 41.4X10° cells/m/ and
from 0.01 to 29.6X 10* cfit/ml, respectively. The activities of extracellular enzymes showed the ranges of 0.005~11.
3 uM/I/hr and its order to lipase, phophatase, B-glucosidase, cellulase, chitinase, amylase. The results of corres-
pondence and multidimensional scaling analysis between bacterial populatons and its physico-chemical
environmental factors were explained the effects of physico-chemical environmental factors according to site
characters and separated four group, which is accord with potential pollutants at wells.
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Zo] T, AYAT BN FEE e FFE5 52 @ S AuAdA nAEY 722 AF-9} o] & I AE
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e - A9 - olil} - e - A9

ol=9 #71EY Bt F+ F AHE 7Iee olssh=H v
$ Fasith meba AglHS 2 sk o7 st o
o] 7}&3tH I e Il AAANA FLFdAT LR T
B 2 A 75 die FF Hrhe Bast

B AFoe Aerle £20928 A4 ATFE dHA
SEHA, 1996)0. 2 Ak Ad 2R Tx28 7% A
#7480 9% EMsnA st o)o] Asg 2 @0l
7143 B AR dqAEolA e 8X A S8 AT BALR
A FET2 ol gHARAE 22 A 8E o, B3e
A BFRQ, FE4Y &, A4S £ 27 | 7 B4
o FHel el SAsATh £ dSEAF tAke Hege
Z At AeANA FEIEATE, 7158 5 AT 22
o mlX& sy #73 8 4TS EAEA

RGNS

A ZzHFH

MEA Ak #E AF 72 ZAL RIA(MEEEA,
1996)c]l ®.317} 5o gl ARE BEUE X85 &
Z(FEG 2ka JAY g9l 2Hsd AF 24 fEt
A0m AGHE NG9S Ao 19983 680 AG ATt

(Figure 1). A2 AF = BAHCZRE X4E 208 $1

Site Litho-

No. Major pollutant Pollutant sphere Hydrosphere
Gl Aresenic E. coli, As Gneiss Honjechon
G2 Chrome Cr*,NOs-N, Gneiss Anyangchon

E. coli, TCE
G3 Zinc Zn, NO;-N Gneiss  Anyangchon
G4 Nitrate E. coli, NO3-N  Granite Chungnangchon
G5 general pollutant Gneiss Tanchon
G6 E. coli E. coli, NH;-N Gneiss Tanchon
G7 Perchloroethylene(PCE) TCE, PCE Gneiss Panpochon
G8 Trichloroethylene(TCE) TCE, PCE Gneiss Panpochon
Cl Drinking water Gneiss Anyangchon
Cc2 Drinking water Gneiss Honjechon

Figure 1. Location and description of surveyed groundwater in
Seoul city.

3 &8 B ¥ FFE 500 m! A5l A sy A7 &
o EAE 9 AN EE W Baste 24A)7F oo 234
A BT Gl &A1Y f43 38 wHx AT A
Aqo= 7T st gloH, G2¢ G3= 7= Fd H A
go g Fuld F&20e NEAst ALAEt e 9ok G4, G6, G7
2 G82 FH7} AR Mo, G5z Hd 2 E FIEE
ZA&sE 2| Yo}, Cly C2&= F9ld| 9.d ol vlwA A&
23T GE g B3t SHTANY AR 29 A5k
o} vl g ez AAstEct

pH, &%, A7|HER9} s FAZTHEA 3 7] (Horiba
U-10, Horiba, Japan)2 A% AH A Z2AstAct. A5 A2
+ membrane filter(0.45 pm)s 33t 1, 7|2 SFA] P A
g Ao ALEMALTIF U & ion chromatography
(Dionex, DX 500)& o¢]&3}e] S-0]&(F, Cl', Br, SO ¥
NO; )& B39}, 3 standard method(American Public
Health Association, American Water Works Association, Water
Environment Federation, 1992)9] wz} 2 uold Ak (am
monia-N), o} 22 2 A (nitrite-N), 214+ ¢1(phosphate-P)2]
¥ WA Ve Faa AF AUT. 2HEJL TOC
analyzerg o]-&3}] 241351 tH(Ahn et al., 1995).

o} 2% Fe, Mg, Na, K, As & Se2 ICP-AES(Inducible
coupled plasma atomic emmission spectrophotometry; Shima-
dzu)Z, Cr, Cu, Zn, Cd, Pb, € Hg¥E ICP-MS((Inducible
coupled plasma mass spectrophotometry; Shimadzu)E ©]-&3}
o ENES 7|2ASAUAA T4 AE E49 ALRAATL

Foll A F st

olgE 2Rl £

Z M|F : 0.2 um membrane filterel] &7} 0.01% acridine
orange € 9 mlo] Alg 1 ml& M7 §- 383 AAsta,
sudan black B2 A% membrane filter(0.2 um)el] o] 7}A|7} o}
& ¥39v]7 (Epiflourescence microscope, Axioplan, Zeiss,
Germany)2 ©]-&3}le] membrane filter Ao EFFFE M4
T A& 207 o) AT 3t HIA 2 FAEFE AL
3t tH(Hobbie ef al., 1977).

MZE M © AR 5 mlo] nalidixic acid$} yeast extractE Zt
7 AEEE) 0.002% 2D 0.025%7F S Wrlske] 25°Ce]
A 6AIZE B &, ST TR 22 o= FPE0
A& o] g3l Fo] BEEo| &gt Holzt ol AdEE Al
T 319 HKogure et al., 1984).

BELLUMT R HUMT - FEIFATE 438 AR 0.1
m/g nutrient agar (NA; Difco)9} R2A agar(Difco)ol}, ZiAl
-2 EMB(eosine methylene blue) agarol] =4tsle] 25°C 32
Z1ol 4 3U7F E71FQA ZZCA widst & Yelhd 7HSE
A5 A

7lsd BM Ma2

7h A B AT - AW AT 2 Tween 808 313t

2>

FE A A (peptone 10 g, CaCl, 0.1 g, agar 20 g, Tween



Age A7 2H AL 8

80 10 ml, THF 990 ml)ol| 814 Zdsly 25°CelA] 393
Hlge &, 7A Folol EFHE ZAAC vdehd 2AE AW
E&| Al (Cowan, 1974) 2 #A3lo] Al ATk

U AR BAE 2 B AT soluble starch7} 3-5-€
H)A] (peptone 10 g, CaCl2 0.5 g, MgCl, 5 g, MgSO, 2 g,
KCl 1 g, FeSO, 0.001 g, starch 5 g, agar 20 g, ZF5 1 1ol
A 25°CE 39Uzt wiFate] vehd FA9] Gram's Iodine &
& e} A F910) FROE BN 2AFE AL o
Aot

th A4 BIAT - A4 BEAlTY 42 CMC uiA]
(carboxymethylcellulose 5 g, MgSO, 2 g, CaCl, 0.5 g, KCI 1.0
g, FeSO, 0.001 g, peptone 5 g, agar 20 g, SF 1 DollA]
25°CE 5947+ wioF 5 0.5% congo red £ Aol Hojrcz]
F9joll SRS e FA42 Asstat.

o wag pelA  wua BeHRe 24 95
gelatin® 58 v K] (beef extract 3 g, peptone 5 g; gelatin
5 g, agar 15 g, 7S 1 Dol A vebd #Ajoll 1% tannic acid
Sgolg e gelatin WAGIH S AAAS el
FA2 99z 284 T (Cowan, 1974)0.2 A2 5T}

k. IAPAT - XA T FHE 9lste] A= 10
mlE 80°Cel|A4] 2087t *8]3}ed nutrient agarel] JFg T
25°ColA) 5zt WIS ) e WS AL shsteh

M2 s4o8Mro Y

FEQPAT ALY Bx BYY 9T BRI A%
o,z - dZ MY A 5= BE] lipase, phosphatase, amy-
lase, cellulase, glucosidase & chitinase®] YA EE =A 3o
u, olE AE Fio Wke 7jAZE 247} 4-methylumbelli-

Eoised 85809 9%

ferly butylate, 4-methylumbelliferly phosphate, 4-methylum-
belliferly-o-D-glucoside, 4-methylumbelliferly-B-D-cellobio-
pyranoside, 4-methylumbelliferly-B-D-glucoside @ 4-methy-
lumbelliferly-N-acetyl-f-D-glucosaminide 52] #3188 A}
gtk AES B2BH EHL Azl WAL 5
mMo] A methyl cellosolved] oy -20°Ce] YA B
g F A8 5 mioll Zt g7 2E &4 HF FE} 25 uM
ol FA H7latTt. 4rIZE F GHA A F FAE
Aol W& &332 spectrofluorometer(DQ 200, Hoefer)& ©]&-
3te] excitation& 365 nm, emissionS 450 nme] ZAA =
A 5l59tHHoppe, 1983; Somville, 1984). z+ &4-2] &4 &9
(unit): emission intensity®} 7129 ¥% 2837 WHSAITHES

gakstel uM/I/hr2 LiEhy L.

RE o SHEA
RE Rrel YT, REAZ 5 712 A heEA

)tE

Tt Ay 2298 SAS package(SAS Institute, 1996) o]
&3t E45 AT
Z o
E2[3t5Hy Al Ha|

i

7+ Jd= ZHEF AlBoA 2AE gHaclse] AAE
i 19 2 Als A ST pH, 25 R €8 3

2§93 Zo|7} giloy, A7|dEREE vdslgs A
el G57F 1.12 mS/ecmE 7F3 4 Jehgon 2842 A}
£3}%= Cly} C2& 0263} 0.13 mS/cm2 = A Jeld)
ANAEREE Askrd S350 Ae WAL Aolol o3

o
= A

I~

Table 1. Physico-chemical environmental factors from two drinking and eight waste groundwater in Seoul city

o) Criterion of

Gl G2 G3 G4 G6 G7 G8 Cl drinking water
pH 7.26 6.19 6.74 6.49 6.74 7.04 7.03 7.43 7.01 6.79 58-85
Conductivity(m$ - em™)  0.67 0.78 0.42 0.52 112 0.14 0.39 0.14 0.26 0.13
Temperature(°C) 17.2 18.2 17.8 17.8 14.8 14.8 18 18.2 17.1 14.8
Salinity(% ) 0.02 0.03 001 002 0.05 0 0.01 0 0.01 0
F(mg - I'") 0 0.76 0 0.81 0 0 0 0 0.12 <1.5
Climg - I'") 72.86 14147 56.58 62.3 132.32 6.27 48.65 12.12 20.98 1446 <150
Br(mg - I'") - - - - 1.27 - - - - -
SO4(mg - I'") 61.57 72.71 41.63 53.84 198.58 6.11 40.36 13.22 39.68 10.98 <200
PO, (mg - M 0.0077 0.0041 0.0282 (0051 0.0128 0.0064 0.0077 - 0.0018 0.0064
NO,(mg - ) 0.0019 0O 0.0071 0O 0.0016 0.0042 O 0.0048 0.0012 0.0062
NO;(mg - l_') 0.85 96.46 28.83 97.35 50.90 9.84 33.1 7.35 1.23 1.1 <10
NH(mg - I 0.53 1.11 0.11 1.10 0.08 0.08 0.08 0.10 0.03 0.11 <0.5
TOC(mg - I'") 1.535 0.922 0.871 0.819 2.154 0.579 0.898 1.340 0.539 0.657
Mg(mg, - ) 24.3 28.3 12.3 7.51 33.0 3.77 8.77 3.49 8.01 1.63
Na(mg - ) 29.7 41.6 20.0 392 40.1 4.83 15.3 3.18 6.51 7.37
K(mg - I'") 2.75 7.72 1.91 321 3.65 0907 192 1.10 0641  0.525
Fe(mg - M 0.08 0.037 0.047 0.03 0.067 0.047 0.046 0.073 0.071 0.078 <0.3
Zn(ug - 1) 40.2 455 66.1 54.7 49.1 89 326 41.1 30.5 42.1 <1000
Pb(pg - ') 39 1.45 2.69 2.75 3.78 3.14 1.73 3.64 4.65 6 <50
Cd(ug - I'" 0.1 0.19 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <10
Hgug - 'Y 02 0.2 0.2 0.2 0.2 02 0.2 02 - - -
As(mg - ) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.05
Se(mg - I'") <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.01
Cr(pg - I'") 3.85 974 18.8 5.43 4.69 3.25 2.85 309 3.67 14.5 <50
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AGy - Aol -

27 B L9EA @& A 8y 298 Ak
7t A7 AERY ghol A vehdth 54548 X3l 7
712l dstd 4% 9 FEF Fa i groe
TR 7IEA oo AT F, ¥ 2F AGY G

G498} G794 97.35 mg/i9h 33.1 mg/l, B)Y 382 A=A Q)
GBollA 5090 mg/IZ ZAIRS. ol Asle HEE 43
7VEAH(10 mg/De) 294}, APE-5 7158 (20 meg/De] 1~
5u) oldo®, AE G2, G3, E Gaoll A A HA Hx7) 20
mg/l 01402 ZALE Mgl 2A} Avte}l Folgh g 1
CHA-SEEA], 1996). 3t SRfoly Ais Glo) 053, G
27} 111 2 G47} 110 mg/le 2 HeE 53 713X(0.5
mg/HETh 1~2u o} o2 ZALE o)

et FEEe $2% 4R E4F HAE, gl
Mo F3802 A% T2 2 B (complex com-
petiion}d4 FGoA ARE} A 35oM FFEL 59
1A opUe} FE5GGAH T UAARE AHeliste B4
o] 7] Wi BEAEY AT 2HY T2 7% ofHEt
Tdl Fad g90oz 2g3hc(Vallee and Ulmer, 1972). o]
o ZALEAHA 87 #E9 FFE FEE EMT AFE
Table 17} 2t} S842 AHE3LaL 2l AHU Cl C2oA
o) H57} 0.071 mg/I5} 0.078 mg/I2 G8 #47(0.073 mg/
g AL Jeid Q8452 AMsn dy AYed &4
vlebdt). ol e G6dlA 89 pg/l, 67 TEL GRA 309
pg/iZ 7V B4 dEEdod, 2AFHN 88 S
FEY TRt £ BHE At 54 J1EA ol 245
ek w3 A FaEd o, 52 € SAeFS v 2E2E9
ou, $8&5 AN Fol 4.659% 6 ng/I2 AGET HHo
A o 288 2 ey BHE ol nlmsig).

Mz 2E 2| sist

Aol A Al 2Ll B3R Figure 294 2k 2T F
AL 5.1~41.4%10° cells/ml W52 ALY o0, BEx g
o $1x18 G29} GlofA] 4149} 33.53x10° cells/miz 7}¢
wo| #¥3igr). AA 9 GholAE 27.88x10° cells/miz
A gol HEHUT ¥#8 2452 AMEa glE Cli
C2o| % 23.73} 15.05X 10° cells/miz S5} T3 xjodel
G6, G7 & G8ef} H]ate @o] AEUCE & FAFE 0.7~
3.95%10° cells/mie] HF2 vehon, 247 F7Y A4
7 BE G229 Gloj A 3.37) 3.95x 10° cells/miZ 744 o)
A=At FEHAGAT FHE NA =9} R2A A S A}
Sato] ZALS AF, 0.01~12.6X 10* cfu/ml} 0.05~29.6%
10* cfa/mi M52 247} 2AME o8 NA wixjd)A] v} uled
& WX R2AC}A vl A @ol A EQIT S ¥y A9
G394 29.6X 10" cfu/miz 713 ol B¥siggon &84
AFESER lE ClolAx 13.85x 10 cfu/miE el B2
ok AR AN Ve BT 23S A4 BEges
ulag Az, AEEEAE(0.72x 10° cha/ml), i d B4
T(0.6x104 cfu/ml), BG4 BHAF(0.57% 10* cfu/mi), &
B BaA(0.197X 10" cfin/ml), FAFE A ATF(0.026 X 10° cfin/

oy - ™

8 - Hgd

oft.

Bacterial numbers
(X10°cells/mi)

Bacterial numbers
(X10°CFU/Mm)

Bacterial numbers
(X10°CFU/Mm)

Comparisons of populations of total bacteria, het-
erotrophic bacreria and functional groups of bacteria
in varfous groundwater in Seoul City. A: Toral bac-
teria (TOB) and viable bacteria (VIB), B: Enter-
icbacteria (ENB) and heterotrophic bacteria (HEB-
NA, HEN-R2A), C: Amylolytic bacteria (AMB), sp-
oreforming bacteria (SPB), proteolytic bacteria (PRB),
cellulolytic bacteria (CEB), and lipolytic bacteria
(LIB).

Figure 2.

miE oz BT FH 1Y A9 G PR 2
AT (40X 10° cfu/mhTh Salg BalaF(32%10° cfu/mi)
of, WAL FHlo] 9T GloA FURAAFE37x 10 chu/
ml), AEEHAF(2.7%10* cfu/ml), ABBHT FH(1.93
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Figure 3. Comparisons of activity of extracellular enzyme in vari-
ous groundwater in Seoul City. A: Chitinase (NGL),
amylase (AGLU), cellulase (CEL), glucosidase (BGLU),
B: Phosphatase (PHO), Lipase (BUT).

X 10* cfu/ml), 9 EABA H2(0.7x 104 cfa/mi)e] 713 &
o] 2 E3teirh.

M=o 22 BT s

AR Ak Al T AEE 40 BHE W=
Figure 37 Zt}h. A3k &7 X A ES] g4 Y=+ lipase
(4.689 uM/l/hr), phosphatase(0.809 pM/I/hr), B-glucosidase
(0.019 uM/I/hr), cellulase(0.008 uM/I/hr), chitinase(0.007
UM /I/hr), amylase(0.006 uM/I/hr) =2 2 Vet -4 5
Hol| 9118 Glol|A] lipase(11.3 uM/I/hr), phosphatase(4.189
pM/1/hr), B-glucosidase(0.03 pM/1/hr), cellulase(0.018 uM
/1/hr), chitinase(0.015 uM/1/hr), amylase(0.012 pM/1/hr)2
EE MNXEQ 84 FAEI 7 =4 YERTL

€ ol&std dEEH e AASAY. 7 £ 1-f3t(principal

inertias)& 0.178413} 0.082052 AA| E&igke] 51.6%s} 23.73
%S XX go =M 2214 YSHAR o] ittt )5
Ao mE $XE Dimension 1¢]E HAFEZ, Dimension
200 E88td 817 28 the AlA HY o2 BF e
o) g rlalat oz eIt (Figure 4). S84 % AL
3t = AE Cle & F7)EHTOC0) I MEy 54 B
(BUT, AGLU, CEL, NGL)9| 2]8], C2& %F%(Zn, Pb, Fe)
o g F2 QL w= Ao g gt Gl AVAEE
o} Mg, G2 K, Na, 2 Cl, G3% pH, 2%, Cd, 2 ¥4, G
4= NO;, NH,, G5= 98 SO, G69} G82 Cr, NO,, G
7& AR 93] JiS e Foz FAE S

& E4E B3l Ao FHo vlHE T3 #4a%1le
AR o7k ehgoy), nge] B SYxez
AL MAE AL oEZ FEHOE 9P WAL ¥4
2910 W FHL TR gt Ald HEHoE B4
8l th(Figure 5). AFHE Mo T3 E38Hd 2Fe9
9} §-AME 8 (similarity matrix)S /g3, o] S thAE
=Yoo g ¥t AHY BEE 7|5t oz =435t
o 2 2% 4719 Yee FEEHJAET, Dimension 1%2]
%e] uEal Dimension 2%9] <o) Wikol= G134 G3ol,
Dimension 1&¢] %F2] W3ky} Dimension 259] 22 gk &=
G2, G4 ¥ G7 o] ¥£x¥3gt}. Dimension 152] 29 H-3kn
Dimension 28] oFe] HMko= Cl, G5 2 G6°] Dimension
12¢] 29 Waka Dimension 25¢) £9] W= C2 2 G
8o BEsYT. 5, WAk R T WY A(Gl} G3)olA
£ 2%, pH, € % 7712, 79 94 A9(G2, G4 % G7)el

1.5
B
Cr
g&:
NI b
VA q Fe
0.5 ] BGLU
— :\A
£ G J )"" c1
b T
‘@ \T’“ P, -
5 ! el L f
E = oot & )
= y
a ] pr) s%? PHO
F G5
~0.59 daljnity
Br
.5
— Tt
-2.5 -0.5 c.S 1.5
Dimension 2
Figure 4. Correspondence analysis for physico-chemical en-

vironmental factors and bacterial population from two
drinking water and cight wastewater samples. Dimen-
sion 1 and Dimension 2; first two correspondence an-
alysis axes. Letters denote site codes and environmental
factor codes. Site codes are the same as Figure 1.
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Figure 5. Multddimensional scale analysis for physico-chemical en-
vironmental factors and bacterial population of ground-
water. The relationships between samples is compared
in dissimilarity index. Dimension 1 and Dimension 2;
first two multidimensional scale axes. Letters denote
sampling site codes. Site codes the same as Figure 1.

M Gad Aast dEol, 42A(CL, G5 2 Gl ME Al
Z9) 54 BHE, C2 2 GBS AF, oldo] oja) AF ZHo]
JFS W AoE B

1]

i
MEN e FAHA AHRT &9EHY
ol i FAARY LEEA At HEF
&l #3 DRASTIC MAPS #IL=Z 3t 1474
FEY AT AASFAHAMZTEAL, 1996). M4
A9 Az stet A ATE AT B3] EATE ofm
Ha glon, £4 A 2 gl YFH] glof A&
o dldHa gtk ¥ A7l A AL T A9,
23 XSG # BAAR ZA 7Y F de, FA o9F
2350 glo] FF Xal 2ol 7H45 d AR o4
A= Aol

L
.

=
FEE

A g egle] &5 B A £A V|FEA o
stz ZAHUAY. 23to]| e 7o) A AslroA] AFER
AN Ao gdRYote] FE WIE AT A7, FAAd 4
29} g ol AirE Zb2t 2~9 mg/I9} 0.1~0.7 mg/19] ¥
F2 vebdrh £8 NAL 0~5 mg/l9 HWFZ & f7]5F
& 2~12 mg/Ie] BFE B33y o, dtA 9] el 9g A
E2 3738219 o] F713E B 18 tHGshell ef al, 1997).
E AT A &ade i w55 05~2.1 mg/l3 0.001
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kel

~0.01 mg/I2 &7y AsHrErt 10~1008) F= A Vet
ok, Aabd Aaeh ghuuole] & 0.85~97.35 mg/ /It
0.08~1.11 mg/I= 108 A% =7 ehdt}. olaja e 32
@ 07 A9} Tt 9 A9 B dvel 280 4L
NS ARz ABse] Aot Aol WE ZHE AP,
Astl AF PRUe AZHORHE SEHY EE F5A
91 Ehsk ZuA o5 ool Aok BANZ Solst UL
o] £tHGhiorse and Wilson, 1988; Sargent and Fliermans,
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