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Abstract

Beachesin estuaries, bays, and harbors are frequently contaminated with indicators of human pathogens such as fecal indicator
bacteria. Tracking down the sources of contamination at these enclosed beaches is complicated by the many point and
non-point sources that could potentially degrade water quality along the shore. A mathematical framework was developed to
test quantitative relationships between fecal indicator bacteria concentration in ankle depth water at enclosed beaches, the
loading rate of fecal indicator bacteria from non-point sources located along the shore, physical characteristics of the beach
that affect the transport of fecal indicator bacteria across the beach boundary layer, and a background concentration of fecal
indicator bacteria attributable to point sources of fecal pollution that impact water quality over a large region of the
embayment. Field measurements of fecal indicator bacteria concentrations and water turbulence at an enclosed beach were
generally consistent with predictions and assumptions of the mathematical model, and demonstrated its utility for assessing
waste load of non-point sources, such as runoff, bather shedding, bird droppings, and tidal washing of contaminated sediments.
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Fig. 1. Conceptua model for water quality in ankle depth
waters at an enclosed beach.
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Fig. 2. Photograph and schematic diagram of dock where
field measurements were carried out.
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Fig. 3. Field test of the beach boundary model at an enclosed
beach. (a) Tide level during the four sampling events,
(b) Bacteria concentration plotted against water depth.

Journal of Korean Society on Water Quality, Vol. 26, No. 1, 2010



114 oIEs

3.2. dielz|o} 4R =8t of dsf Fgate] oF A F Xl—i—%t}tﬂ, ZRUEE
HABAAGANA i A FHAGFHY) 22 ¢ 9w H2 H0.02~045 gm)°] ¢ eFFe(m =3
FE¥ 548 A9ET] A aFHd59 ADV FHo] o x 10" wtele obhour/m)& A4tsl7] s Zasith wEbd
FojFoh GF4E(1), Lagrangian A17+3 =(T), Lagrangian FHE ZFWAE] geol =57 stUY F o

AFAE(L), dFAF(e=L) 5& T dRUAS 4oz 2 o
o t3 Z ADV ZFZAHE Table 19 Akt 59 ¢, 2A9Te T Y HHE Hel dHor 47
ADV &3 F 499 Aol #£33AL 29 9 2 o] F8 9o RA LA Frk(Ferguson et a., 2005).
Lagrangian AIZFAE(T>108)S Yepdth o ol Trigonometry 2] Z=4 kgt }(n, =1 mst A verle
ADV 715o] Q12 w59 FFHe] w2 ADVY H71H = 7(s=0.13)e) s} XAIFAAY AL FAPFeR
£ 71A1& 7H4d(Chanson et a., 2005) <Jgt Aoz Hil Aol g /snftan’s) =7.8 mS 7FAth kel xA W sl
T AFEA A AstAnt wEA T>1 —Erod -l g% oF 1 cmAEY HAEo AARTL HESE, o] =
sl Mt Table 1o Yehilith. 589 B¢ dF4=E (1) Adiste] W2 HAE AFade HHEY GF FY &
€ 1502 cm/s2A AZA 99 71E 7‘742—34%9} % £ gEols Fad 2359 F4 A= 5% 22 o
St ARE YERH (1 =2 cmis, Bogucki et a., 2005), & 2 ZZA 2 o9& HAE 4 k. 72 FZ o FH 1m
FAE(1)% Lagrangian Al H=(L)E2FEH 4dd G/ o Zolgd HAHE RI|(Vg=duy, /sntan’s]) 8x10° cm’S
AT 0042004 mis 2 ek, ARG F Aok ole Y D42 33H(0)H LE(pend
£ 247} 033% 18 glem’ 2REH TR Atstd =AY
33 HIMHEN F5er &Y EZ(pandV'sea (1- ¢))2 1x10° gmoll shgatcd, Fz7}
siidold HA W edrsh(m)e Fg. 29 A4 7] AslE AIZH(Te = 6 hourg) T Ao 2J&] AHE == E<]

£7](m/se=93t6 MPN/100 mL), sh#ut=e] 7]&7)(s=
0.13+0.08), FF8HAF(£=0.04 mYs)Z5E 3x10° MPN/
hour/m= #7t=l et wWekA, o 6 A1F9 A=AH &
Qb 1m9] el AA wiAIZE g2 3000909 whe o}
7F fE e AeZ HHE AT g ol EF A
ol A} %1— FAAG R AstE = 573_ &AM AXFET
(M'runoit), N TE7801 &AM pather), 2780 A E(Mbiras),
El@g(msed) & Astr Hﬂg(mgw)

[eXe:]
o=
. e T OIS HZe
de2 Ry yd

J

bl
424

G499 3% 5 Alolel AAA YR ol el
ALGESE NS A7 QAR BT o2 ofd AE

BAEGSY AHgo
37tadlel @ & ok BE A

o 27HE A28 wddo e
AN HgAGoz ey

£ A7AY AZRETE SFS 2 "o s=7
5000 MPN/100 mL, A@ A wifZo] ok 017 m’/day

TO =

24 wheF ;qm-‘rri‘rﬂ' 1 me sfde

Hga, AERET
Raol de fU
A, 2 A 725 A3

]

gl

o} B A 2e) 2] of
eggolga sl Tzt 9

ERESE A5889 +4

‘ITE‘T‘\__‘

o mAE e F egdozA WAL FE= gtk
AlTEF ol 89 edRstFS T AFET 300,00070 <

ute] 2] oHElmir et a., 2007)2.2 7F3F F-$, <=9 uF

29 RITL m=3x10" g2 okhour/m=A tE 100
Hol M2 o] &x7F wiAIZE 1 me side X ESol
A fgste A Fdsith SAT A 2P 59

FEgol &t BRAEHR FX7] wEol HHFAA G
A el RatE7ke] A ozME WA H Tk
WAl FAGe 2FE ZFRMAES 2P RaE
4x10°0 A 1x10"° dejgolgez, weF 279 ujd Eo
A28 we] hx(low tide) B FH AT FZ(flood tide)

TAEN =

Ss12 55| x| M26A 1S, 2010

FH1x10° gm) o2 weelo} Fahg(m)e U
HHEY wE ol 5x10°2 PriETh
o zAWst A9 23E &) 70-90%] onao}_h_
o e oW FAAGN e PR F ST 4
Sol 9% HAE U uelole] AREAE
4 gl

ol g9 Folg @l HPolA éﬁ’“ﬂﬂ
#F e vtz 2ee Hxsd o o
xﬂﬂw AN A% ESRER

, 10 g9
%Eb 71E
ol
Q1 0 2 A
TS A

ol

o

=}

=

mﬂ l-N

O =~
TTET,

=]
5

34. HHAAZHS| J1™0l CHst E7
S o] &3 sHFAX G A=A
E49 ®B9E 93l ADV A2 RH
AEY A7l AT A8 Fa TPgEC] A
o 789 FAE AsiMe AEFARGY Zo Lag-
rangian 2ol AE(L)EtH Aok Fthyes> /2 L). ADV dataz
FE ANE LY g2 28+25 mZA(Table 1), s AA
AY9 EZ(yo= 10 to 15 m) y3xt Fomz 9o =
AL AHBAAYG W 29ERE A3 F dx =4
Aoz w3 o2 yeth sibFAAY Y
kol 59 v} 3 5 =1 5}l

=2
=

£ to P

¢

2



oloh 5179 Lh2| HIE2es

Y MYE 98

FeREo| =g 115

Table 1. Turbulence parameters measured by ADV at site S6

Time Water depth Turbulent intensity Lagrangian length scale  Lagrangian Fime scale Turpqlent diffu;sion
(m) | (cm/sec) L (m) T (min.) coefficient & (m“/sec)

10:30 0.24 18 13 13 0.03

12:30 0.21 13 34 44 0.04

17:00 1.42 16 6.1 6.5 0.10

22:00 0.54 13 0.5 0.6 0.01

Ave. (sd.) 0.64 (0.49) 15 (0.2) 28 (25) 32 (28) 0.04 (0.04)
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