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Abstract

To estimate microbia contaminant loading discharged from diffuse sources, rainfal runoff of six rainfall events were mon-
itored at three study watersheds of forestry and agricultural land use. Monitored indicator microorganism constituents were
total coliform (TC), fecal coliform (FC), Escherichia coli (EC), and feca streptococcus (FS). Soil loss during elevated flow rate
caused higher suspended solid concentrations. Indicator microorganism concentrations were closdly related with flow rate. TC
event mean concentration (EMC) from unpolluted forestry was 5.3x10° CFU/100 ml, FC EMC was 1.4x10° CFU/100 ml, EC
EMC was 1.1x10° CFU/100 ml CFU/100 ml, and FS EMC was 2.9x 10° CFU/100 ml. From a watershed with agricultural-for-
estry land use, TC EMC was 1.7% 10° CFU/100 ml, FC EMC was 8.5x10* CFU/100 ml, EC EMC was 8.9x 10* CFU/100 ml, and
FS EMC was 34x10* CFU/100 ml. Mixed land use of agricultural-forestry with bigger area, TC EMC was 1.9x10° CFU/100 ml,
FC EMC was 9.6x10* CFU/100 ml, EC EMC was 7.0x10* CFU/100 ml, and FS EMC was 5.1x10* CFU/100 ml.

Keywords : microbial contaminant, diffuse sources, coliform, event mean concentration, water quality, sediment
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Fig. 1 Schematic Representation of Study Watersheds: (A) Location of Watersheds; (B) Study Watershed 1(Sutong); (C) Study
Watershed 2(Sungjeon); (D) Study Watershed 3(Jinjam)
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Table 1. Schematic description of the study watersheds
Watershed Name |AreaA(ha) Land use (%)
1 Sutong 233 forest 99, road 1
2 Sungjeon| 14.0 rice paddy 8.2, forest 91.8
3 Jinjam 69.3  [icepaddy 33.0, residentid 4, forest 63
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Table 2. Description of rainfall events monitored in this

research
1st event 2nd event
Rainfall depth (mm) 480 40.5
Rainfall intensity (mm/hr) 32 37
Maximum rainfall intensity (mm/hr) 115 20.0
Rainfall duration time (hr) 150 11.0
Antecedent dry days (day) 3 5
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Fig. 2 Precipitation, flow rate (Q), suspended solid (SS), and chemical oxygen demand (COD) (top), total coliform and fecal
streptococci (middle), E. coli and fecal coliform (bottom) for the first watershed (A) 1st rainfall event; (B) 2nd rainfall event
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Table 3. Concentration variation during dry weather and wet weather and event mean concentrations (EMCs) for the first study

watershed
Concentration duri ng Runoff Concentration EMC
dry weather 1% event 2" event
(n=3) (n=10) (n=12) 1% event 2" event
Suspended Solid 0.8-44 6-79 0.8-13.2 253 46
(mglL) (2.6) (26) (44) ' '
Chemica Oxygen Demand 1.2-13.0 0-3 0-6.0 05 23
(mg/L) (7.1 (0.6) (2.0) ' :
Total Coliform 1.9X103-2.4X 104 1.6X 10%-3.9X 10? 2.3x10%8.9x10° 3
(CFU/100 m) (13% 104) (25X 10%) (5.8x 10°) 23x10° 50x10
Fecal coliform 1.1x10%-1.2x 10 15X10?-31x10° | 1.3x10*-3.9x10° 3
(CFU/100 ml) (L2X10%) (2.3 10%) (2.8 10°) 23x10° 26x10
E. coli 2.0x 10°-8.0x 10° 9.8 10'-2.4x 10? 9.8% 10%-3.0x 10° 3
(CFU/100 m) (5.0X 109 (18X 10%) (2.1% 10%) 1.8X 10 2.0x10
Fecal Streptococci 2.0X 10%-3.0< 10 7.9x10%-29x10? | 45X107-7.9X10? >
(CFU/100 mi) (25%109) (14X 109) (56X 109) 14x10° 4.3x10
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Fig. 3 Precipitation, flow rate (Q), suspended solid (SS), and chemical oxygen demand (COD) (top), total coliform and fecal
streptococci (middle), E. coli and fecal coliform (bottom) for the second watershed (A) 1st rainfall event; (B) 2nd rainfall

event
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Table 4. Concentration variation during dry weather and wet weather and event mean concentrations (EMCs) for the second

study watershed

Concentration during Runoff Concentration EMC
dry weather 1% event 2 event
(n=3) (n=10) (n=13) 1% event 2" event
Suspended Solid 68-176 36-499 21-163 o4l 20
(mglL) (122) (108) (71)
Chemical Oxygen Demand 12.8-17.0 15-50 7-32 20 o1
(mg/L) (14.8) (27) (21)
Total Coliform 1.1X 10%-2.6X 10° 8.3X10*1.5X 10° 1.5X10°-3.3X 10° 5
(CFU/100 ml) (L7X109) (1.2X109) (2.2X10°) 13<10 22x10°
Fecal coliform 41x10%-1.8x10° | 3.2x10%1.2x10° . 85% 10" )
(CFU/100 ml) (1.2X 10°) (6.9x10% '
E. coli 1.7xX10*-1.3x 10° 3.4x10%9.3x10* 7.0x10*%1.9x10° 5
(CFU/100 mi) (7.2¢10%) (5.9x 107 (11X 10°) 71x10° | 11x10
Feca Streptococci 4.0x 10*6.2x 10* 1.0x 10*-5.9x 10* 2.0x10%1.1X 10°
(CFU/100 ml) (2.7X10%) (30X 10°) (2.9% 107 3.8x 10 2.9x10*
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Precipitation, flow rate (Q), suspended solid (SS), and chemical oxygen demand (COD) (top), total coliform and fecal

streptococci (middle), E. coli and fecal coliform (bottom) for the third watershed (A) 1st rainfall event; (B) 2nd rainfall

event
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ok vlarste] oF 24 ghS Holal ok Al 2 F99
AFErBE] g EMCE TC EMCZ} 1.7X10° CFU/100
ml, FC EMC”} 85x%10* CFU/100ml, EC EMC7} 89X
10* CFU/100ml, FS EMC’} 3.4x10* CFU/100 mIZ e}
Ul o] 3 (Doran et al., 198139 WA fEEHE
AT B 3¢ TC 3.2x10%1.5X10° CFU/100 ml,
FS7} 1.7x10%-3.9x10* CFU/100 ml, FC7} 1.2X10%1.4X
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Table 5. Concentration variation during dry weather and wet weather and event mean concentrations (EMCs) for the third study

watershed
Concentration during Runoff Concentration EMC
dl’y Weathe’ 13 event 2nd event
_ s nd
(n—3) (n:lo) (n:14) 1% event 2™ event
Suspended Solid 22-49.6 19-566 16-488 93 126
(mglL) (35.8) (123) (82)
Chemical Oxygen Demand 17-41 3-53 14-81 3 36
(mglL) (27.03) (14) (26) -
Total Coliform 2.5X10°-7.0X 10° 3.6X10%4.9x10* | 1.8X10°-6.2x10°
(CFU/100 ml) (4.5% 10°) (L9X 10%) (33%10%) 3.1x10* 37x10°
Fecal coliform 6.4X10%6.1X 10° 3.2x10%4.1x10* | 21x10%-3.0x10°
(CFU/100 ml) (3.0% 109) (17X 10%) (130 10°) 2.7x10* 1.7X10°
E. coli 4.7X10%5.0x 10° 2.1x10%-31x10* | 1.2x10%2.8x10° 5
(CFU/100 ml) (2.3 109) (1.2 109 (8.9 10) 2.0x10* 1.2X10
Fecal Streptococci 2.0x10%-9.8%x 10° 1.8x10%-2.9x10* | 4.4x10*%~1.5%X10°
(CFU/100 m) (35X 109) (10X 10%) (8.4x 10%) 1.7x10* 8.5x10%

Table 6. Concentrations and unit generation rates of indicator microorganism of night soils from livestock raising

Pig Cow Pigeon Chicken
Water Content 74 % 80 % 20 % 70 %
Unit night soil generation rate 2.15 kg/head/d? 21.9 kg/head/d® 53 g/head/d? 89 g/head/d?
coD 2.17X10° mg/g 956X 10* mg/g 2.34X10° mg/g 7.95X 10* mg/g
466X 10° mg/head/d | 2.09X 10° mg/head/d 1.2x 10" mg/head/d 7.07x 10° mg/head/d
; 1.3X10° CFU/g 1.2x 108 CFU/g 1.4X10%° CFU/g 5.3X 108 CFU/g
Total Colif
o Lotorm 2.9X 10" CFU/head/d | 2.7 1012 CFU/head/d | 7.6 10" CFU/head/d | 4.7 10'° CFU/head/d
Fecal coliform 9.7x 10° CFU/g 8.5X 10" CFU/g 1.0x 10" CFU/g 3.6X10° CFU/g
2.1X 10" CFU/head/d | 1.9X 10" CFU/head/d | 5.4% 10" CFU/head/d | 3.2X10%° CFU/head/d
E Coli 7.3x10° CFU/g 5.1X 10" CFU/g 8.3X10° CFU/g 2.4x10° CFU/g
' 1.6X 10% CFU/head/d | 1.1X10% CFU/head/d | 4.4X 10" CFU/head/d | 2.1X 10 CFU/head/d
- 4.9x 108 CFU/g 3.3x 107 CFU/g 6.8X 10° CFU/g 1.8X10° CFU/g
Fecd Strept
reptocaca 1.1} 102 CFU/head/d | 7.1X 10 CFU/head/d | 3.6 10" CFU/head/d | 1.6 10* CFU/head/d

DChoi, 1991
A0shiro et al. 1995

)

10* CFU/100mie] 9] Wl #elch. FCirey vle-e A 10° CFU/100 mIEA, CSO &=} 719 vl=3l ks Ho|
Al 0.68, 7FFAl 0595 Holal U=H], o] HHAIE= & 3 Aok FOTCY B] T3 A 2 99 AR FES B

Ho] A B skdel fdE S-S Yeple Aol ol Sl=dl, HHAl 0.67, FFA 22 0.86, 0.395 HO|
FC/FSY] HIE-& HHA] 4.34, 7F$A) 2245 Holal u}. 1 ok FCFSe] HlE AHHA] 0.86, A1 22 163,

Fig. 42 Al 3 AlERe] -5 HelE Holal k. 1545 Holal Ut} ABAERIE Al2A1FFRe w7}

1 7FeA A 27000 el SR FAEE s O EEE] o] 2 AFVE Felt AT AaAdel
o] ITFIAtL Al ok AFPAE T% ESE 5 =0 Al 2ARRY FEFSHEENG & Aol Holal 3l
A3 7RIt HAstodA, wA19F ot EftEe] 3l A KT} o] LEEAC] Bou, f=E 9Ed Bk A
= M AFHAE TET A9 9 dAVE U A &tk ol AR WEo] A7) Wi FH=2
< Kol QUth 23} AFARY mEgE fARRE BES Kol o] FREY] Qe AxeAEe] felgelr HH AAE
Atk fF 7R, AR 2Tt STRIATE sk 7] WlEoE AlsEh

t %S Hola Ut} Table 5= A 3 Follx] =43 HFA o HiEHE AR E 230 F T 3P 49
Al 5 38499} 39125 559 QokS Holar & dEks miXith Table 6 o8] T/ SHERS] ¥
Atk FHA] TC HisE+E 45%X10° CFUA00 mIEA, A 2 =43 Axjoltt. HA|9 TC H=+ 1.3x10° CFU/100
2 199 Hlasly 2 w55 Bola ok Al 3 AIFR ml ] en, FC/TC Bl 0.73, FC/FS HIE&2 1.96 ©]
g AFEuPE I EMCE TC EMC7} 20x10° Itk 49 TC ¥EE 1.2X10° CFU/100ml ©]oH,

CFU/100ml, FC EMC’} 9.6X10* CFU/100ml, EC EMC  FC/TC Hl$< 0.68, FC/FS HI-&-S 259 o]t} HIE7]9)
7} 7.0x10* CFU/100 ml, FS EMC7} 51X10* CFU/100 TC ¥%& 14x10° CFU/100ml °]%leH, FC/TC Hl&-S
mi=Z e EMC gk B3 A 2 A13699) Blaste] 0.70, FCIFS H]&2 149 ©|Jt}. &9 TC FE+ 53X
=2 s Year l=dl, 23F 99 TC EMCe 3.7X 107 CFU/100ml ©]1°2™, FC/TC BI&-S 0.68, FC/FS H]
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£ 202 o)gdt).

4. 2ot A ZE

FA|9} opl|A] WAs= A -rEe AETY 4
Agehe WiATEEA FEAEel o] ug- F83)t
AFelre w49 dopt 3 Il AlFFHelr] TLgH
2N AP digk ARrAE fE 54S AR
Y&t (total coliform: TC), £ tha+F(Fecal coliform:
FC), ti#&(Escherichia coli: EC), #9941 A+
(Fecal streptococcus.FSyS- =743t}

FA-ok o] Al fgmste] wet BEANAER <
sl BEd 57 438 STIH AR E TE
Hale FRi=d wEwst FA9 9] 25 BAE B
Aot gFE LAER] e oz FAH] e AWA
oo A2 F TC EMCE2.3X10% 50x10° CFU/
100ml ©]lem™, FC EMC= 2.3X10% 2.6Xx10° CFU/100
ml, EC EMCE= 18X 10 2.0x10° CFU/100ml, FS EMC=
1.4x10%, 4.3x10% CFU/100 ml ©]At}. Yokt w21
Aol =] e Al 2 Fe] AW E S EMC
+ TC EMC7} 1.7X10° CFU/100ml, FC EMC7} 85x10*
CFU/100 ml, EC EMC”7} 8.9%10* CFU/100ml, FS EMC
7} 3.4x10% CFU/100 mIZ UERGTE Al 3 AlERe] #|
Er & td EMCE TC EMCZ} 2.0x10° CFU/
100ml, FC EMC7} 9.6x10* CFU/100ml, EC EMC7}
7.0X10* CFU/100 ml, FS EMC7} 5.1x10* CFU/100 mIE
YERsTE

L5 EANA W ARPYE BIES YERll= FC/
TCo vl Al 7ht oMEE = ol Al Al
BEE FES7H] FRURIYES & & e, FCIFS
HIE-S 0|83 HHeEd FHo] Aol "Hojs &
UATE. o] =EollA AAS BUER AEe w9 $HE o
RomZ e HIFHY BAPES gelslr] s
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