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Asseessment Method o the Pathogenic Microbial Exposure Caused by Aerosolization

o Reclaimed Water

XIE Xing, HU Hongying, GJO Mei-ting, WU Qian-yuan
(Dividon of Environmenta Biology , Department of Environmenta Science and Engineering, Tsnghua University , Beijing 100084 , China)
Abgract : Inhdaion is one o the man exposure routes to pathogenic microorganians during wadeweter reuse. An goplicable method is
introduced to asess the pathogenic microbid eqosure from inhdation. Hrdly, emisson intendty of pathogenic microorganiams during
reclamed water Praying is determined by the concentration of pathogenic microorganiams in reclaimed water, fraying intensty and
aeroglizing dficiency factor. The vaue of the agroslizing dficiency factor is usudly between 0.003 and 0.01. Then the concentration of
pathogenic microorganiamsin ar is cdcuaed by referring to the nodd o air pollutant digerson and conddering the microorganiams decay.
The value of the microbia viability decay factor is between - 0.23 s and 0 s'*, and that of the ervironmenta inpact factor is between
0.016 and 73, varied by dfferent kinds of microorganiams. And then the exposure from inhdation route can be findly attained by multiplying
inhalation rate and exposure time. The daily average inhaation rate is 4.517 m*-d™ ', and the hourly average inhalation rate is 0.3-3.2
m®-h ", differentiated by age , gender , and activity of susceptible population. The method proposed in this sudy can be directly used to assess
the pathogenic microbid exposure caused by reclaimed water used for agriculture irrigation, gardening , or fountain praying.
Key wor ds:wagewnater reuse; inhdation route; exposure assessment ; microbid aerosl ; risk asesament
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Table1 Edimation vaduesd ervironmentd inpact factor |
| 1)/%
10 25 40 50 60 75 90
13 0.068 0.13 0.58
4 0.016 0. 060 0.13 0.16 0.23 0.55 1.1
33 0. 036 0.11 0.19 0.21 0.24 0.35 1.2
43 0.017 0.094 0.18 0.34 0.52 0.91 1.8
8 0.77 0.89 2.1
11 0.24 1.2 6.5
31 0.27 0.71 0.97 1.7 2.7 6.1 32
13 17 14 73
1) n% n% ,
2 A [22)
Table 2  Edimation values of microbid viahility decay factor A
A /%
10 25 40 50 60 75 90
13 -0.19 - 0.070 - 0.023 0
4 -0.23 - 0.0%4 - 0.050 - 0.032 - 0.020 - 0.004 0
33 -0.12 - 0.020 - 0.006 - 0.004 0 0
43 -0.11 - 0.051 - 0.029 - 0.011 0 0 0
8 -0.15 - 0.009 0 0
11 -0.10 - 0.039 - 0.004 0 0
31 -0.06 - 0.006 0 0 0 0 0
13 - 0.08 - 0.008 0 0
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/mf-d? 4.5 6.8 8.3 10 14 13 15 12 17 12 15.2 11.3
4 1 [25]
Table 4 Vduesd the hourly average inhdation rate
/me-ht 0.3 0.4 1.0 1.2 1.9 0.4 0.5 1.0 16 3.2
1)
[6] HawoodV J, Levine A D, Sott T M, e al. Vdidty of the
indicator organi sm paradigm for pathogen reduction in reclaimed water
3 and public hedth protection [J]. Appl Environ Microbiol , 2005, 71
(6) : 3163-3170.
(1) [7] RoxJB,DickonlL J, Farah SR, & a. Renovad o pahogenic
) and indicator microorganiams by afull-scae water reclametion facility
, [J]. Waer Res, 1996, 30(11) : 2785-2797.
[8] OuWS,LinYF,JngSR, & a. Paformance of a condructed
wetland-pond sygem for tregtment and reuse of wadewater from
canpus buildings [J]. Water Environ Res, 2006, 78 (12) : 2369
2376.
(2 [9] WangL S, Hu H Y, Wang C. Hfect o amonia ritrogen and
disolved organic metter fractions on the gerotoxicity of waseweter
efluent during chlorine disrfection [J]. Environ Si Techrol , 2007 ,
, 41(1) : 160-165.
[10] , ,
J [J1. , 2007, 27(4) : 534-538.
y [11] WHO. Qiddines for the sfe use o wadewater and excreta in
, agriculture: microbid risk asessrent section [R]. 2001.
[12] Kara S, Kasveda E. Microorganiams in bioagrol emissons from
, , wadewater trestment plants during summer a a Mediterranean ste
[J]. Water Res, 2007, 41: 1355-1365.
[13] Pasud L, PorerLwz S, YaiezM A, ¢ al. Bioagrosol emisionfrom
[1] OwoonJ, Hansen A, Wedrdl T, e a. Removd of Noro- and wastewater treatment plarts [J]. Aerobiologa, 2003, 19: 261-270.
Brteoviruses, Garda cydts, Cyposporidum cocysts, and fecd 4y po o 1 Ferhacker M, Zibuschka B, e @l . Bacteria and fungiin
indicators a four secondary wagtewater treatment plants in Snveden aerowls generated by Mo different types of wastewater trestment
[J]. Weter Enron Res, 2006, 78(8) : 828-834. plants [J]. Water Res, 2002, 36 : 3965-3970.
[2] ! ' ' [15] USEPA. Quiddinesfor weter reuse [M]. Washingon DC, 2006.
31 » 2005, 21(5) : 44-46. [16] Asmo T, LeongL Y C, Rgy M G, @ a. Evudion of the
[3] [D]. Cdifornia wadewater reclametion criteria udng enteric virus
» 2006. noritoring deta [J]. Water S Techrol , 1992, 26 (7-8) : 1513
[4] ' ' . 1524,
[J1. , 2006, 27(1) : 80-84. [17] Taneka H, Asaro T, Shroeder ED, ¢ al. Edimeting the sfety of
[5] PundsackJ, AXer R, HicksR, e a. Seasond pathogen remova by wadewater reclametion and reuse usng enteric virus nonitoring data
dternative onr Ste wadtewater treatment sysems [J]. Water Environ [J]. Water Environ Res, 1998, 70(1) : 39-51.
Res, 2001, 73(2) : 204-212. [18] ,



74 30

[371. , 2003, 20(4) : 197-199. Andyss, 1996, 16(4) : 549-563.

[19] RyuH, Alum A, Mena KD, e a. Asessrentt o the rik o [22] Camann D E. A nodd for predicting digperdon of microorganismsin
irfection by Cryptogoridium and Gardia in ron-potable reclaimed wadewaer agrols [A]. In: Wage Water Aerol and Disease [C].
water [J]. Water i Techrol , 2007 , 55(1-2) : 283-290. US EPA, 1980.

[20] ; ; .o [23] ; : [M]. ( ).
[J7. , 2006, 27(9) : 1912-1915. , 2002.

[21] HBeenbergd N, Edmund Y W, Qlivieri A W, & a. Quantifying [24] @B/T334091, [S].
water pathogen risk in an epidemiologcd framework [J]. Risk [25] USEPA. Bxposure factors handbook [M]. Washingon DC, 1997.

2006 2
2027 JOURNAL OF BNVIRONMENTAL SCIENCES 352 26 - 0.61 0.406 22 - 0.40
7549 563 21 -0.37 0.744 13 0.11
2029 811 12 - 0.09 0.830 11 0.23
2024 611 18 -0.32 0.301 27 - 0.55
2015 330 27 - 0.63 0.444 20 -0.34
7544 9 31 - 0.89 0.348 26 -0.48
2013 1021 10 0.14 0.406 22 - 0.40
2032 288 28 -0.68 0.207 31 - 0.69
2010 642 15 -0.28 0.653 14 -0.03
2009 595 19 -0.34 0.944 7 0.40
2017 274 29 - 0.69 0.246 30 - 0.63
2005 569 20 - 0.36 0.371 25 - 0.45
z004 2 28%9 1 2.24 1.310 3 0.95
2003 2362 2 1.64 1.076 5 0.60
2002 1141 8 0.27 1.089 4 0.62
2025 687 14 -0.23 0.397 24 -0.41
7019 701 13 -0.22 0.462 19 -0.31
2021 1503 6 0.68 0.550 16 -0.18
2008 1779 5 0.99 0.879 8 0.31
H784 975 11 0.09 0.837 10 0.24
2023 627 16 -0.30 0.838 9 0.25
7016 614 17 -0.31 0.268 29 - 0.60
2007 419 25 - 0.53 0.413 21 -0.39
T953 254 30 -0.72 0.291 28 - 0.57
7551 517 23 -0.42 0.638 15 - 0.05
G129 1060 9 0.18 0.828 12 0.23
2030 445 24 - 0.50 0.480 18 -0.29
7001 2045 3 1.28 1.062 6 0.58
7546 518 2 - 0.42 0.513 17 -0.24
2022 1152 7 0.29 1.350 2 1.01
2012 1926 4 1.15 1.675 1 1.49
896 0.673
1) : . 2007 ( )[M]. : .2007.212.
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