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Abstract

Human and animals may be infected by pathogens in water and food consumption and direct body
contact with contaminated waters. With the rapid development of economy and tourism industry
and growth in the living standard, bathing water quality in China is getting more attention. The
marine tourism industry is the new growth point of economic development in China. Microorgan-
ism contamination of coastal bathing water sites is a major threat to swimmers; therefore, coastal
bathing water quality is getting more and more attention. The ability to predict fate and transport
of faecal bacteria in bathing waters is quite challenging to water managers and government au-
thorities. In recent years, the developments of computing technology and numerical modeling
technique have provided valuable tools for water scientists, consulting companies and water
management authorities to apply water quality models to bathing waters. However, advances of
research on prediction model for micro-organism contamination in China is relatively slow com-
pare to developed countries. Here in this study, the recent advances of physical-based faecal bac-
teria fate and transport model were studied.

Keywords

Coastal Bathing Water Site, Water Quality Model, Faecal Indicator Bacteria

5
A

BIKIHFEERIRE T B LIRE

=)
FITP Rl 2 5 TREEBE, IR Yl B 5 AL HE L A A SR I %, R

Email: gaogh@nankai.edu.cn

Wehs HEA: 20174F7H11H; FHBE®: 20174F7H29H; KA H: 20174F8H1H

XESIH: \. KBTI TR R A BT R ). FRETAR I AT, 2017, 7(4): 309-314.
https://doi.org/10.12677/aep.2017.74043



http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2017.74043
https://doi.org/10.12677/aep.2017.74043
http://www.hanspub.org

il i

m =

BORMANTT GEE AR RYREREMBREARNZIY. BERELSIFNRER BN RAEFEK
PRI R RETHRERR, SRR RBRRZEINNTNNE. BKBZF T MED
BRXRGE S HRREEEGREFEEYMW, BREZEINMINEN. FHik, TR, ZENEXE
BKFREE K RUAEYTS R R A AT LA E BALM B R E AR — . BEETHENI MR E RS AR
WK, HEBRESERIEERME g B A E2E . TR RN TMEY
TS RHIBT L R e M RBUR AL AR P . AR,  BRE ST KIS A Yis Je PR ZL f A8 SR 5T TAE A
Rk B ZOM BARSHIEJE o A SO T A B K W 75 Je A R TR B A AR R A STt e I S P AT
FMEE,

KA
RIS, KRR, (EHIRE (FIB)

Copyright © 2017 by author and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

BORAEY T DO K . s E AR AR RIS . e E, BE S TR R AR
AR, TR ERAFFRRERE, R TR B TR E, Rk, T/ B4R/
A U B KR8 R B A 5 G A AT MDA B BT T I ) KPRk 2 — o B T SR B A0,
FEORFRE K R, TR USRS AR IR R 22 b [ P 0 [ 22 TS i LA AN PR S B T S T
A= G BRI 8 B 1) T8 A DRIBUR FFE R R [1] [2], SR, 8 5C T /KM 3 S A v G T ASE 28 ) A O
B9 A R0 R IE B SAH LEAR G S -

W KB BURT AP 3 Bk B N EFNH S AR HEME ) (1 B B AR R HE B K A 2 . BT B0
WAMFP R Z R ES, N2 HAEARKAE G IR BRI, BASO — S 800 Tl A= Pk Z AR A A RS
W75, A4S e AN B AR rpo R — b BOW AR M R AT B R AN SE, BRI, 78 SEBRAsil o 2%
FARIH 218 B 4845 (FIB, Farcal Indicator Bacteria) {FE A IR R[] [2]. 3= 22 SF0 b X (1) 7K J5i s vk #1 H
FEE TR FR(FIB, Farcal Indicator Bacteria){F s il s, @lunii i, 56 A E45 . A8 3R ElH 300 1w 15
PRAE KA AR AR, AR A OG- B0 i AR V) B B F A I B BRI SO A D, BRSEEI R G T
e iW Sy

2. MW EPEFRIBELNMERR
S (FIB) — ELBS TR (0 A2 PR B A K R 2 I ELR (AR B 0, fEs gk, KT
PO TS 3 T L PR — R R R R[]

dc
== kC 1
o 1

Horp C N ZEE B BRI (CFU00 ml), kK NTHT-#H(day ™).


http://creativecommons.org/licenses/by/4.0/

)i

SH Ty, (VNI FE 0% IR U EVITE TP FR I (8], XS HOn] DOE ISR R T7 R R A AT T2
IhESrN W I

2.303
Ty =———x24 )
k
FAE R A TR ZMIME R WO IR . R EhRE. JRIDEE,

2.1. ThE

TR KM b 3h FE A S M BUR A P S FR bR A I B R, — R PHE IR KA 8L Fa bR 2E 4
(YA T 2808 KTV K IR B P Y 12 0 15 20 90 R B TS AR MIHE Mg /K P (098 T2 3R B TAE R K R 1 [3] [4] [5] .
Mancini [5]if i S5 2 FIELZ B 70 % I B0 B R R T AEMIE 20°C R AEIR K FIHE K IRE T2 2853 74 0.8/
RAN 141K

Mancini [SPEHE K ITH TR RN

K., =0.8+0.006P, 3)

salt
Hrp P = %],
2.2. B

Gameson and Saxon [6]IF 77 G B2 B 3 FE M B RFH T3 1) — D E R ATRIRE—4
FE S 7 SRS A KAK DU H RS, HBRRS R TR KR m T BEE 44~ . Gameson and Gould 6]
AR, Too (AR ZR HOGHRSS T R LUK 302075 B M 76 R BE 25 18 1 T 1651 T-1001% . Bellair et al. [7]3#
TSI B E G HR SR AN Too OSSR AE RIS SR PIH TR, (BAEH 2 R TR IR T s BB
Too BUE M FF 27 1R 1.9/ 0N 3 72 8] 140 /1N

TE G R DA A 9 TR T LA A0 R e RUR A

klight =al (4)

where ¢; =0.00824 cmz/cal , | = Irradiance (cal/cm?/day).

where Ky = JEESRAIE T (day ™).

P T AN )% B R S0 A SN ), Hiipsey 252 [8] 3 13 A 74 Hh 5 F& AR ] 98 K ' HE G S50 1k
EVPRE TR, R

N
Kiigne = bZ;OQ I, (Z) ()
2.3. iBE
B IR TR ARz ] DL BL R R I
kt = kzo‘g(Tizo) (6)

Forp k NFE RIS ANERE T W RUE RT3, Ky NIREE T =20 CINETH T2, 0 N ENHH,
RUEUE N 1.07, T NKIER(C).

2.4. e EIRS N

FEAF AR R B (FIB) AA R BE A B, anAeimysoK, Rien, KAESY), JREBMRISE. £X
SRIKARREE SR BRI AEAE T 30— ST 20 i 18 T/ AR B L R S A B 08 b B (RO B s P A

)



T8 V0 18 AR A N B RRAE B AR A0 A Ve v s /K SR PR AN £ 27 T . — J57 1, Jevb BokL nf A Bt oK &y
WD, — BN AT FRETR Vb TR T RVe b, 72— € I 8] Y el /N K o s B il A R e B, S 38045
AR IIVERT: 53— 07T, Z7KBh ) 422 DL R AW 8 AR Sk A e I, T B LE R v ORE L 1035 Bt A
VI RE SR HORAS , MBS EE A2 31 B B, BCE DORRAE ISV Hh 1075 B i A= 0B 6 TR Ve 1) v Rl 307 i N
KA, 3 KR G G . BRUKIREE s e S B S e s s G B AT KRR, Mas&
IKIANE VP I1E B H B T K Vb PR G b 2SS R B R A2 A A

Auer 1 Niehaus [9148 B TV b Ui B 51 RS 154 P07 2% 28 F Ve v TR P B2 [k AT B PR S o, R

ke =W, /2, (7

Horr w, e vb TR L, z, IKIR .

ITAER, FEFARAR R (FIB)FEVE Vb A E OB RBR 22 I AT 9T, K BT 55 S /s DR 4 T R o 2 e D it
K _F 1R YE 2 H1[10] . Fries &5 [11]%F 3€ [E 1Y Neuse 7] [ EAT 388 B BEATYE v0 B B BEA T 70 R B0 38% 11 3%
S T B IR E YR VD BRI o T Characklis 25 [12] & B ER B W Ff 42 AT 7105 55%. Gannon Z5[13]4 HiJe
WU R SR AN EE R By vl Ll pyh o7 25 mi 3 R A s A AE . Hoh—
T 75 Ph A W B S PR S TR AR VR Vb DOAR RIS Ui v P A7 7 5 e o' HEZE 7K b 10 i PR S T 552 i 245 288 8 1y
(1) B A B2 . Jamieson S5 [1417E I EE K1) Swan Al HEAT 7 337058 K I E.Coli B e v B kil - e N B3
K2, Kashefipour Z5[15] [16]H] FH#E & 17K 3h 1) F13E 58 B FE (Faecal Coliform)il# #4240 A7 73 %k
[ f) Ribble [ 1A Irvine #5785 1t 3% 3% {F 14 #F (Faecal Coliform) i 7 A FAE A& L FEREAT TR 9T, FEAEF]H s
DUEGHE AR AT IR (Al b, R R AL 5T 1 AN 8] R 3O AR 03 B o A SRt . (ELER TR
WARSREI AR E A, I A 5 e v AH B AR R BT 2 a0 W B A A 55 00D RIE B A TR
Kashefipour [15] [16]55 (#8414 5 R VE H i AE Y 5 B K A A ) 1 3 A0 72 . Bai #1 Lung [17]
F1 Gao Z£[18]43I4E EFDC (Environment Fluid Dynamic Code)#1 DIVAST (Depth Integated Velocity And
Solute Transport)ts A (i 3Eal 2% 1& 7RIS BE/KZ MR RIS, T8, FHORBIA S H T4 5 &
FRAEMLI S, BUS T BONHEMIRIZS . Yang Z5[19]F1 Stapleton Z5[20]122FI F — —4Ef S AN H T B 5%
PSS, 5 R8T IR PR AS B4R TR AT R, S Severn AT I AE DTS YLtk AT 5T, AR T 40 A AR B
AR 5 1 SE T AN A2 BE YR 7D MR FE T AR AL 1Y Gao Z5[18] [21] [22]4 4k 3R /KK IR 55 A e v ik A= 4
A HL M R I B T 92 [ 1Y Severn ] F o BT B0 AR YD KR FI R Je AN [RIR FE Y 7 A Fe AN |, [
XS 7K Vb PR SO A ) = 4IRS AU R O B T e o A L .

3. MEMSRREMRER
Lrr 5 EEUR MR YITE SRS AR K T A DB PRRURILLE BRI T R
T, MR R, BN MRS (TR AL DA I Ty R 30R 8]

oC oCU, o (_ aC
[Di&):cm—cwﬁ(kg—k)c (8)

—_ + —_
ot OX; OX;

Sop ¢RI, x R0 7R HCEE, UL R0 T R, D, NERRA RN C, AIC,, 4 HIEDR

WAEVIRAR &,k WERER, KNHTREGEE B R el TR, iR ).
4. RE

SRR, BT TR B S AR YD 5 FE A ELAE LB AR L, H TS AR DRI N 3%
TR HEE R R ARRLE A TE R, BRI DG A ol AT JE SRR AN BB AT 7T, @ SEATLER A AR AL 4 Ja i e Y

C2)



)i

fa . F—JiH, ARYE B AT HLER O 1A S B EAR A AR R AR G B A R A A R 5
W TR, B, W RETE I BRI GRIE R B, S5O MR R R, e
W EHENEHE, BT LY BOEBCAEALRIRE B M. RTBEAMNMET, Bt MAEE, NHRE
HIRTEL T RGE I T4 R IE B .

IRV 5B A HIE R B, Z IS A B TR Vb ned 25 {5 B8 B I A8 B A B A S [ B AL A
AR, EXNTHESBEMNOH RS, HEMESE. —au7iE ML NIz sh 1) 5 h Kb &b
AR, G5 GUeVDWH HE JE RPIRAS LA AR R I [23] [24] [25] [26]. HIT-AHRTRLYE ¥ 8 B B
B, (EIZBRVD AT S RECER, XS RIE R AR E K, R SRR YR VDS B B, R K YD
IS5 5 Wi B e AU S BRI TR 0 . PR TR IR VR AN FIR AR B . AL R AW 56 AR AN TR, 3R e
TR B B R 0 55 B R (A ELAE R 26 R AR AN [RI K o 6 M0 70 380 B BEAE /K D IR 858 v (R S TR0 470,
JE Y HH 8 Vb RN 28 B RS I VS 2 1R A AR AR I N EE . DiToro [27HRHE Ve HF O HE . Ak 2R E ML FE,
KRR AN RGNS, LS Z R 128 e 06 F F UEE SR Ve A MU G R RO B
Hp R, BAZ EHAEBMNEREESRK, HARE T 2 5 R)R e s I 5 e A HAR
FMIBLER, BEE X I8 SR VD 5 &R S WIAH BAE S RNVIRIIRN, ZERASHE RIIK
Je A 8] o RN 53 HE R 25 J2 5 B 3G B R 2 115 ) S e b A8 406 3 (T i /& 57 22 JE A AL ) G B

BT 52 e v W B SR T R R AR %, (RTE AT ERAE P EOIRAS T, i Xy iR B 30 ) 2 5 R EAT i AL
AT L 7 B2 1) 43 T 28 250R 3 125 KR R0 i1 A 2 1) ) LU A3 5% 22281, AHL 70 T 28 500 ff a1 A0 T sl B2kt B
AP R Z RSN, A RIS S0 R R R E MRt FHET I, e 58 L R rEhas
TKIDIREE T (1975 Y A s 56 [29]

ELmEB
AT H R AT B Al BT ROR B L TE &I B (14ICYBJC22300)

SE#k (References)

[1] Chapra, S.C. (1997) Surface Water-Quality Modelling. McGraw Hill, New York, 844.

[2] De Brauwere, A., de Brye, B., Servais, P., Passerat, J. and Deleersnijder, E. (2011) Modelling Escherichia coli Con-
centrations in the Tidal Scheldt River and Estuary. Water Research, 45, 2724-2738.

[3] Anderson, I.C., Rhodes, M. and Kator, H. (1979) Sublethal Stress in Escherichicha Coli: A Function of Salinity. Ap-
plied and Environmental Microbiology, 38, 1147-1152.

[4] Solic, M. and Krstulovic, N. (1992) Separate and Combined Effects of Solar-Radiation, Temperature, Salinity, and PH
on the Survival of Fecal-Coliforms in Seawater. Marine Pollution Bulletin, 24, 411-416.

[5] Mancini, J.L. (1978) Numerical Estimates of Coliform Mortality under Various Conditions. Journal of Water Pollution
Control Federation, 38, 2477-2484.

[6] Gameson, A.L.H. and Saxon, J.R. (1967) Field Studies on Effect of Daylight on Mortality of Coliform Bacteria. Water
Research, 1, 279-295.

[7]1 Bellair, J.T., Parr-Smith, G.A. and Wallis, 1.J. (1977) Significance if Diurnal Variation in Faecal Coliform Die-Off
Rates in the Design of Ocean Outfalls. Journal of WPCF, 77, 2022-2030.

[8] Hipsey, M.R., Antenucci, J.P. and Brookes, J.D. (2008) A Generic, Process-Based Model of Microbial Pollution in
Aquatic Systems. Water Resources Research, 44, W07408.

[91 Auer, M.T. and Niehaus, S.L. (1993) Modeling Faecal Coliform Bacteria—I. Field and Laboratory Determination of
Loss Kinetics. Water Research, 27, 693-701.

[10] Jamieson, R.C., Gordon, R., Joy, D. and Lee, H. (2004) Assessing Microbial Pollution of Rural Surface Waters: A Re-
view of Current Watershed Scale Modeling Approaches. Agricultural Water Management, 70, 1-17.

[11] Fries, J.S. Characklis, G.W. and Noble, R.T. (2006) Attachment of Fecal Indicator Bacteria to Particles in the Neuse
River Estuary, N.C. Journal of Environmental Engineering, 132, 1338-1345.

()



il i

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]

[23]
[24]

[25]
[26]

[27]
(28]

[29]

Characklis, G.W., et al. (2005) Microbial Partitioning to Settle Able Particles in Storm Water. Water Research, 39,
1773-1782.

Gannon, J., Busse, M.K. and Schillinger, J. (1983) Faecal Coliform Disappearance in a River Impoundment. Water
Research, 17, 1595-1601.

Amieson, R.C., Joy, D., Lee, H., Kostaschuk, R. and Gordon, R. (2005) Re-Suspension of Sediment-Associated Esche-
richia in a Natural Stream. Journal of Environmental Quality, 34, 581-589. https://doi.org/10.2134/jeq2005.0581

Kashefipour, S.M., Lin, B., Harris, E. and Falconer, R. (2002) Hydro-Environmental Modelling for Bathing Water
Compliance of an Esturine Basin. Water Research, 39, 1854-1868.

Kashefipour, S.M., Lin, B. and Falconer, R.A. (2006) Modelling the Fate of Faecal Indicators in a Coastal Basin. Wa-
ter Research, 40, 1413-1425.

Bai, S. and Lung, W. (2005) Modeling Sediment Impact on the Transport of Fecal Bacteria. Water Research, 39, 5232-
5240.

Gao, G., Falconer, R.A. and Lin, B. (2011) Numerical Modelling of Sediment-Bacteria Interaction Processes in Sur-
face Waters. Water Research, 45, 1951-1960.

Yang, L., Lin, B. and Falconer, R.A. (2008) Modelling Enteric Bacteria Levels in Coastal and Estuarine Waters. Pro-
ceedings of Institution of Civil Engineers, Engineering and Computational Mechanics, 161, 179-186.

Stapleton, C.M., Wyer, M.D., Kay, D., Bradford, M., Humphrey, N., Wilkinson, J., Lin, B., Yang, Y., Falconer, R.A.,
Watkins, J., Francis, C.A., Crowther, J., Paul, N.D., Jones, K. and McDonald, A.T. (2007) Fate and Transport of Par-
ticles in Estuaries, Volume I, 11, Il1, IV. Environment Agency Science Report SC000002/SR1-4.

Gao, G., Falconer, R.A. and Lin, B. (2011) Numerical Modelling Sediment-Bacteria Interaction Processes in the Sev-
ern Estuary. Journal of Water Resource and Protection, 3, 22-31. https://doi.org/10.4236/jwarp.2011.31003

Gao, G., Falconer, R.A. and Lin, B. (2013) Modelling Importance of Sediment Effects on Fate and Transport of En-
terococci in the Severn Estuary, UK. Marine Pollution Bulletin, 67, 45-54.

PR, I, SRR, PRI R TS A E R A B AT D). KR4, 1995(1): 47-56.

Ng, B., Turner, A., Tyler, A.O., Falconer, R.A. and Millward, G.E. (1996) Modelling Contaminant Geochemistry in
Estuaries. Water Research, 30, 63-74.

A, 230K, B2 RITRE MBI AR, 2004, 15(5): 576-583.

Wau, Y., Falconer, R.A. and Lin, B. (2005) Modelling Trace Metal Concentration Distributions in Estuarine Waters.
Estuarine, Coastal and Shelf Science, 64, 699-709.

DiToro, D.M. (2001) Sediment Flux Modelling. John Wiley & Sons Inc., Hoboken.

Thomann, R.V. and Mueller, J.A. (1987) Principles of Surface Water Quality Modeling and Control. Harper Collins
Publishers, New York, Chapter 8 Toxic Substance, 495-598.

HE, PMEER, S, BEXR. KR RvbE 73 L[], JevbHFAL, 2004(6): 75-81

Hans iXlth

BT BARE R ERI T RS

BRmar A RS (QQ. WfE . MRAH &)
I VTR f A3 3T

24 /B DAY R 2R A 1R BT A S5 1)

R B AR 2R B Fm ST

b ) R AT PE B

HIMER

. AR AT

Noakowpr

hEE S http://www.hanspub.org/Submission.aspx
HATFIIEAE : aep@hanspub.org



https://doi.org/10.2134/jeq2005.0581
https://doi.org/10.4236/jwarp.2011.31003
http://www.hanspub.org/Submission.aspx
mailto:aep@hanspub.org

	Advances of Fate and Transport Model for Faecal Indicator Bacteria in Coastal Bathing Water Sites
	Abstract
	Keywords
	海水浴场粪便指标菌迁移转化模型研究进展
	摘  要
	关键词
	1. 引言
	2. 影响微生物指标迁移转化的环境因素
	2.1. 盐度
	2.2. 光照
	2.3. 温度
	2.4. 泥沙的影响

	3. 微生物污染模型研究进展
	4. 展望
	基金项目
	参考文献 (References)

