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Table 1 Best-fit parameters and the likelihood function for each distribution

S wrater ( /Ly Finished water (oocysts/L)

Parameter(s) LR Paramaeter(s) L)
Poisson A=0.624 978.7 A=1.23x 10" 4101
PLN p=-0.720,0=0.709, a=0.203  268.9 u=-8.01,0=1.71,a=3.48x10° 2074
NB B=2.14 270.6 B£=0.333 205.6
L e — % B A i
2z 'R |
S ;
© 06+
o ::
g Poisson
& 04+ —= 01850 :
—5 """" NB ;
Eo02} PLN |
o . X Observed 1
0 - Y 3 i 1
0 50 100 150 200

Number detected (/100L)

Figure 2 Estimated distributions and the observed data of the source water concentration

However, it was difficult to judge which was better, PLN or NB. In this study, PLN was
adopted for the concentration distribution of Cryptosporidium in water. The median and the
95th percentile of the concentration of the source water and the finished water were 487,
1,562, 0.33 and 5.56 oocysts/1,000 L respectively.

Comparlson between PLN and LN

Table 2 shows the best-fit parameters and the arithmetic mean of each distribution. For the
source water there was no difference between the two methods of substitution, because all
samples were positive (i.e. there was no need for substitution) and little difference was
observed between the results of the LN and PLN. However, the PLN showed a lower
median value (u = —8.01 for PLN and -7.39 or -7.67 for LN) and a higher variability
(o = 1.71 for PLN and 1.14 or 1.46 for LN) for the purified water. This was due to the
substitution of all ND samples with the same concentration, which reduced the variability of
the concentration. The arithmetic mean of the PLN was found to be larger (1.44 oocysts/1,000
L) than those of the LN (1.18 or 1.35 oocysts/1,000 L) suggesting that the substitution of the
concentration could lead to the underestimation of the annual risk of infection.

Efficacy of the treatment
The estimated value of o (Table 1) for the concentration of source and purified water was
0.71 and 1.71 respectively; this suggested that the purified water showed a greater variabil-

Table 2 Evaluation of the effect of substituting N.D. data

Source water (cocysts/L) Finished water (cocysts/L)
n a Arith. Bean n a Arith. Mean
0.5 oocyt -0.731* 0.727* 0.627* ~7.39 1.14 1.18x 108
Cumul. Prob. ~7.67 1.46 1.35x 103
PLN -0.720 0.709 0.626 -8.01 1.7 1.44 x 108

*No difference due to the absnece of N.D. samples.
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Figure 3 Distribution of treatment efficacy

ity than the source water. Therefore, it can be considered that the efficacy of
Cryptosporidium removal by conventional water treatment was also variable. Based on this
assumption, the distribution of the remaining ratio was estimated from the difference
between the estimated distributions of the source and the finished water concentration.

According to the reproducibility of the normal distribution, the remaining ratio can be
assumed to follow log-normal distribution, and the parameters ¢ and o can be calculated by
those of the concentration of the surface and finished water. Figure 3 shows the estimated
distribution of the remaining ratio for the conventional water purification. The parameters
were ¢ =—7.29 and o = 1.55. It was clear that the treatment efficacy was very variable
(median-3.16 log, ;, 95% CI—4.27 to -2.05 log, ).

Annual risk of Infection

Figure 4 shows the distribution and statistics of the natural logarithm of the annual risk of
infection for each model. The median and the 95th percentile of the annual risk were found
to be (a) -3.26 log,, (1 case in 1,820 people) and ~2.58 log,, (1 case in 1,295 people) for
the first case (log-normal distributed water consumption) and (b) -2.69 log10 (1 case in
488 people) and -2.58 log,, (1 case in 384 people) for the second case (constant water
consumption) respectively. The variability seemed to be very small for both cases,
partly because the distribution of the finished water was directly used as an input, i.e. no
additional assumptions (such as the efficacy of the water treatment) were required.

1
£ 08|
S 06 1) Log-normal ; 2) Constant '
5 median = -3.26Log,,; median = -2.p9Log,,
2 04 95%ie = ~3.11Log,,/ 95%ie = -2.58Log,,
= ! :
§ 0.2

0

-3.6 34 32 3 -28 -26 -24

Log,(Annual risk)
Figure 4 Cumulative frequency distribution of calculated annual risk of infection
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Figure 8 Assurable annual risk of infection by daily monitoring

(=]

Required water volume for dally monitoring

In this assessment, the result of the risk assessment derived from the second model (con-
stant water consumption) was applied to calculate the required water volume for the daily
monitoring of the finished water. First, the relationships between the parameters of the
log-normal distribution (4 and o) and the expected value of the annual risk of infection
were evaluated. The point estimation was conducted because the range of the annual
risk of infection was very small (95% C.I. = -2.79 to -2.58 log, ;). The arithmetic mean of
log-normal distributions was given by:

AM. =exp(u+ 0%2) 3)

Thus, the equation of the relationship between the parameters was found to be:

2
= 92— < -9.64 “)

The range of the parameter o was set between 1.0to 2.0 (corresponding to 50 to 2,540 of the
ratio of the 95th percentile to the 5th percentile of the distribution), which is supposed to
cover all possible variability of the oocyst concentration in water. Under these conditions,
the annual risk of infection could be calculated as a function of the sampling volume and the
positive ratio.

Figure 5 shows the relationships between the sampling volume and the arithmetic mean
of the annual risk without any positive results. As a result, negative results for all 180 L of
the finished water samples were found to be needed to assure an annual infection risk of less
than 10~%, However, when LN was directly used to calculate the detection probability, the
required sample volume increased up to 2,473 L, which was more than 13x as large as the
result obtained by PLN. This result indicated that the calculation of the detection probabili-
ty using a continuous distribution, such as a log-normal distribution, could lead to the over-
estimation of the volume required for daily monitoring to assure water safety.

Conclusions

In this study, the water volume necessary for daily monitoring was determined to assure
that the annual risk of Cryptosporidium infection via tap water was at an acceptable level.
The Poisson log-normal distribution showed just as good a fit to the observed data of
Cryptosporidium in source and finished water as did the negative binomial distribution.
PLN showed a better fit for the source water, while NB was better for the finished water.
Comparing the fitted distributions, PLN was found to give higher probability for high con-
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centration (Figure 2), suggesting that the PLN may have led to more conservative estimates
for the annual risk assessment. The distribution of the treatment efficacy of the convention-
al water treatment process was found to follow a log-normal distribution with a median
value of -3.16 log,, (95% CI = —4.27 to —2.05 log, ).

Using the PLN distribution fitted to the concentration of the finished water, the maxi-
mum annual risk, assurable by 365 successive negative results, was computed. A water vol-
ume of 180 L was found to assure an annual risk of infection of below 104, For comparison,
the same analysis was conducted using the cumulative probability function of the LN, The
required water volume was found to be 2,473 L/d, suggesting that the use of cumulative
probability of the continuous distribution for the probability of detection could lead to the
overestimation of the volume required for daily monitoring.

Microscopic observation of Cryptosporidium has sometimes been pointed out to be
unfavourable, because little information can be obtained on the viability and the genotype
of the detected oocysts, despite considerable investment in terms of skills, time and cost.
The monitoring procedure developed in this study does not require any quantitative infor-
mation, suggesting the possibility of using molecular techniques, such as cell culture PCR,
as the routine monitoring method for Cryptosporidium in water,
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(34) HRBEETO—TERWYTLEALPCRIEICKS
KbpDs Y7 RRARY Sy LORES & U HIEFEDRRE

Development of Quantification and Genotyping methods for Cryptosporidium in
water by Quenching Probe PCR followed by RFLP

ER) R /NG AT AL dEZH KE RER
MASAGO Yoshifumi*, OGUMA Kumiko*,
KATAYAMA Hiroyuki* and OHGAKI Shinichiro*

ABSTRACT;

A new method was developed to quantify Crypfosporidium in water. Quenching Probe PCR (QProbe-PCR)
technique could successfully amplify approximately 1280bp of Cryptosporidium 18S rDNA from a sample with as low
as 60 [oocystsftube] of Cryptosporidium parvum bovine genotype. QProbe-PCR showed high accuracy and high
sensitivity compared to Real Time PCR with TagMan probe.

QProbe-PCR has an advantage that the PCR products can be applied for molecular characterization. A restriction
fragment length polymorphism (RFLP) technique was used to distinguish Cryptosporidium species and genotypes. Five
species (C. parvum bovine genotype, C. parvim human genotype, C. meleagridis, C. felis and C. muris) could be
distinguished by the RFLP with restriction enzymes Ssp I, Vsp 1 and Sty L. The Sty 1 successfully differentiated C. muris
calf genotype (also known as C. andersoni) and C. muris mouse genotype. Database-based analysis revealed that 8
species out of 10 could be distinguished by RFLP with these three restriction enzymes.

QProbe-PCR-RFLP techniques can provide information on the genotype as well as the quantity of
Cryptosporidium from the same sample. This technique can be a useful tool for waterborne risk assessment of

Cryptosporidiosis.

KEYWORDS; Cryptosporidium, Genotyping, Quenching Probe PCR (QProbe-PCR), Real time PCR, Restriction
Fragment Length Polymorphism (RFLP)

1. [ZCHIZ
77 P ARY D MIKRRYUEOREAAED T, EREEICK U TERIORVEME R RO 2 L35
HTEY . EEECROT b AGHAEEEIC I 2 EXRMEE ST D, 1993 4B, KE Wisconsin i
Milwaukee 23V C. AGEARDZ ) 7 k2B Y DA LD 40 FALLEASEYE U EF DBmE Sh T
2, E7-ERIZBOTH, 1996 4F 6 A I ZHEEHZERTIZIV CRTRAY 14,000 A 7 EIELEARR L7z &V

EHRERHB D,

BIE, 7 U7 hARY SUMINEEE BEFETHLESNTVS Y, 205 bt MBS DO, E
(= C. parvum & C. hominis T2 H MUZ b C. muris® C. meleagridis™, C. felis®", C. canis™ »M@# et MU
* HERSE RSB T ARFER R T T 8% (Department of Urban Engineering, Graduate School of

Engineering, The University of Tokyo)
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Yo 7=l HHE STV, £72, C parvun OEGFRIOZEZ LD b MO BRBEE I DE MOV T O
ENCLY . AU C parvum TH->Th, TOEEFEIC L VBEABREL BRBZEPALDERoTH
B, LEXY ., KBz V7 R ZARY DU AOBRHKIZEN T, B b0 27 FHEOBLR)S, EE
P, FOBLERFRICET A ERAFERICES Z LA EEN TS,
INFETIZ, KFDZ VT FARY VY AOEBEOREDT-OEL OFENRERENTE, 7V

RARY Oy AOFERFIEL LT, 8tk LA — U R MR BRMEERIC I VR - FHT 2 FiE
9%, TagMan 7'u—7 %A= TAZA L PCR I VERET NG, —F, BOREFEEL LT
PCR-RAPD £ %2 PCR-SSCP 15 ¥, PCR-RFLP i ', o —4r oo 7 W EBR Sh 03, &t
CBETROHPELXR—OREN BT FEE LT, BEHSEBSIC IV RBINA— 2 M RBEET
THSHH LT PCR AT AFEEMBREIN TV D 1998, BIEICSRRIEM & HhEET B0, SHovy
IR L THEATHZ SR THL EELLND,

2001 4, AR 0 —TF 2 V) TL¥ A b PCR 1T % Quenching Probe/Primer PCR 15 (LA
QP-PCR 1) 2sfaR &z ™9, QP-PCR k& i3, #HEFE BODIPY (V7= ERETHZ Lich vk
DI X BEMAE D) & 5-HbDHWII3RRIER L2 7 0 —T7 7 74 <w—% VT PCR 17V, #Rbke
EOEREN—FEE E TR B DI ERY A 7 VRO D Z LT, B OXE: DNA FEEE
ETHFETH D, QP-PCRIEITKRE L 45) T, BODIPY THE#% L7z 7" 0 —7 % FVv 5 Quenching probe PCR
1 (LT QProbe-PCR %) &. BODIPY THEfL7-7"7 A ~—% M\ % Quenching primer PCR & (LLF
QPrimer-PCR ¥£) D 2 fiENH 5, AFIEIL, BEEOY 7L A A PCRIETHV G TV % TagMan PCR ¥
FHBLT, LY RWEERSIC G L TEATES L& Tn3, 202 Lt B b7z PCR EHOR T
FRATICER L CHEBITEN TR TH D L VA D,

AIFZE I, 27 U 7R ARY P L0 18S 1DNA xR E Uiz QProbe-PCRIEIZE Y, AKPD 7 YT A
RYO LRERE - SRECEERETAFREREMR L, X612, B 617 PCR EW% Restriction Fragment
Length Polymorphism (RFLPYEIZEAT 2 2 & T, &R 2 U 7 b AR Y D0 AOREOHBIZAT ) Fikk
BHFE L7,

2. RERF &
2.1. QProbe-PCRZEIZ& BKbED Y 1) T AR ) LEEFEDORHK
(1) #ELE2 Y T RRR) OO LOES & UEFE DNA FEROHE

QProbe-PCR DEBMFHID 72 HDEFMIA— A MZid, Cryptosporidium parvum IOWA £ (Waterbome, New
Orleans, U.S.A)% v 7z,

VNN DNA ISIRIZLLFOFETHRE U, T34 — 3 X MEHEIK 100pL (Z[FED 25% (w/v) Chelex 100 i
(Bio-Rad, BEOZHIMN L., BUEEIAZ (-80°CS5 43, 95°C5 7)) % SEHT- T, AT A hixh DNA ZHhiH L7z,
Wiz, iiEeEY . WO MFIEB=2=y ; (GHP Nanosep MF centrifugal device, BAKR—/L, HIR) I
L. 10,000X g T 5 2SO0 LT Chelex 100 38 XUSMEM A IV RV e, S 612, I#REE % Microcon
YM-100 (BRI YRT, ®R) 2AVCEREL., WROBHAKEIMZ THINDNA RS L,

(2) @FRALEISAT—BLUTOo—-T
Xiao & "IMEREF L=, U 7 R RRY D ADIBIEVED 18S IDNA ZHEIET& 5 L SN TWA 7T 4
v —% i, AR Z DT T A < —iE Nested PCR FIZEREH S 72 b D TH ¥ Forward primer & Reverse primer
MENEIL 2 DT OFAET B 728, QProbe-PCR IEIGHEA TE BHASLHIIAF 4 HEH A Z LI D,
T, FlEERE LT, FREFOMRAE DRI L TEEICPCRIZE VR DNA 238B L, EWZT
Ho—RAPNVERIKENT L WRER LT, FORE. Inner-Forward 75 4 <— & Outer-Reverse 77 A <—D#i
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LAEN, —ERA L DNA ARIETE, 774 v —F A v—DERPDIRNZ ENHERTE
1 8. UBEOSHETILZ O AE bR E RV,
K2 . QProbe-PCR I TV 7' 0 —7 DakEH 247572, QProbe-PCR i, #IEEFR BODIPY WTT =
LEAT AT L CHIASENAT ABREEFIIT 5, Tu—T O ELLORESY L TH DI
$b, FIT. UFOFHBETS o —T OFEFHEITo1, 1TLDHIZ . K75 A =— LR UES ML & o8
%75_» DDBJ 5 — 2 ~— 2 938 NCBI-BLAST 2,004 & W 3 L, FR#MI{ERLY 7 b ClustalW 1.70% Fi>
2 OATOEERFNISEOMS A L, WIC, i UISEREESIOP 6. 7 r—7 O Tm filns
77/(<7~0> Tm EED SCEREBRDLIE, To—7HRIiEEE LI E, FIAMv—F A1~
—FAERLIZWZ b, BAE3 SEREEET, Bl 70— 7 ORER R RE Uiz, Table | ITBIRL/ZTF
A =—& . B%E L7 Quenching Probe DI ERLHIZ T,

Table 1. Primers for amplifying 18S rDNA of Cryptosporidium and Designed QProbe

Name Sequence Reference
Forward Primer 5. GGA AGG GTT GTATTT ATT AGA TAA AG-3' 14), 15)
Reverse Primer 5-CCCTAATCCTIC GAA ACA GGA -3 '

VVVVVVVVVVVV QProbe 5. CGAACC CTAATT CCC CGT TAC CC - BODIPY -3 This study

(3) PCR &#-MiRE & QProbe-PCR &N EE DT

DNA OB &L UM EORRIIT I LightCycler (Roche Diagnostics, #A)% FAV 72, QProbe PCR BT, 5 -
PILE YR LT —BEHEORVE Y A S —P R SLENH DD, DNA KY AT —EIZiL KOD -Plus-

GEPERS, KIR) % FAV Ve, FUSROMENT 200l & L7z, PCR /8y 77—, MgSOs dNTP FIRY AT —
BIHBObO AR L, M2 ISEERE ImM. dNTP JBEEIEA 200nM & LT, 774 < —REGE, Forward 7
5. <—% 1000nM. Reverse 77 A < —% 300nM & L, F 7z QProbe ##/EI3 100nM & L7,

FBMEOIHEORNC . PCR DEEEM & IET D10, 7=—Y » IREX 55C~60COHH TS
T PCR %17\ . e L R TIRZT0A Uiz, TOMORERIIL, 94°CS HSOBIEDORK, 94°C30 #,
7= o S 30 B, 68°C60 FbDHA £ v 60 EHTV Y, BRERIZ 68°C5 43 ﬂﬂaﬁ?&ﬁo 7,

BN BSESER FIV T, QProbe PCR IEDTEBMFEFM A 1T o7, &7 = —7 ~OUI DNA #iRI3, 2.
1. (1) TRk L7 DNA k% . 1 F2—7 51z v 6X10°~6X 10°oocysts] & %25 & 5 I BPERICAER LT
YERk LTe,

(4) FREDORERE
B A 2 )L CRIE LTSGR OB b bR A 2 VERIHT D7), ITOFET, Bt L HIES D
PR B (Threshold line) & 3% L, 9 &Y 7 MBI HHLOWNEDY 7 7 BB LI /i
BE(E % 1%~99%DFHAP T 1%Z1% CIEC i3 T & | FNEROBFEN /LRI A 7 V2RI
TREBBAER L., 7 LT, 2050 bEbE BRI 5 2 HiE2 R, FRARBES Lz, Z0
BHEI% PCR %217 2 BITIERL L T2,

2.2. RFLP ik ioeetidRiEaig = L 57 ) 7 AR O LOEOHH

(1) #RLE=YYTRRRYDHLORE

FEOURIEROTHEIIL, ESTRSYYENIT FABYROERE BEK L D55 L TWiWie C pavum
% S (Accession No.: AF161856), [t ! ([7] AF093491), C. meleagridis (W) AF112574),C. felis (I} AF112575).
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C. muris, C. sp. strain 938 ([F] AY120913) D"/ . DNA &A=, ZH b0, C.sp. strain 938 #FR& 4T
REZE P OBYENBE SN THD, L. C mwis 1L, 7N IBMAOERIELATE
b9, FE7z Cosp.strain938 1T OV THE, BT O—ER 0 DEFIEROD BT — 7 ~_— R I B STV,

(2) HEMOEHF

QProbe-PCR DISIEEM %, 7 H 0 — A NVEKKITEE LI L 24, #HDNA ENORWY L 7T
R ED/Y 28D T ENTE Mo, £ 2T, RFLP RIGEAT 580, RL754( v—CH
B PCR Z21T-> T, EMEEE LT, ZORFD PCR RIRIR(SOUL)DMAIL, 2.5U AmpliTag Gold (Applied
Biosystems, ¥AL), 10XPCR /3 7 7—5uL, dNTP % 200nM, MgCh 3mM & L, &7°F o <= —BEE1 500nM
& UTe, IBESHE, 94°C5 HOBEMED%, 94°C30 70, STC30 75, 72°C60 Byt A 7 V% 30 BTV, &
#%IZ 72°C5 3 THREER{To 1,

(8) RFLPEIZE D9 YT ERR) OO LDIES & VBIEFREOLIE

RFLP {£1d, PCR IZ X Vil 7= DNA ZHIfREER CEIlT L. FOWiH %7 F u— X X VERKENT -
NBIETOFETHD, TL T BONEHRAE Y~ 2T =4 =2 LBATAHZ LT, B5N17- DNA
BEDTBDLDNEHFIT D Z LR TED, Xiao b 'L, HIEEEEEL LTSpl & Vspl VT, 27
FARY U LOFER L OB TRO I N—T 30 21T o1, T2 T AR THWE T T ~—t v hZ
L0/ HND PCREME, 20 2 FEEOHIRERIC L VU5 = & T, B L O ETROHR) 237
7o E DI, Comuris DBASFE (T, 2 X8 OHBIOT=, Syl %z RFLP 8 TiT - 77,
Table 2 {2, BIEFFET D 13 D7 V7 M AR Y DU AOFED 5 ., 188 IDNA DEIFIAT —F ~— 2|7 B g &
TS 10 FEZ LT, SRRV 3 SORIREER CUIT L7288 b A R 20T, WiHE ¥y —
OFRMUIZHTY | BTARIZ S% LLEDZER UL, 7V —RA X VETKENT L 0 cx 5L L,

2.2. (2) THELNZPCREWE ., 3TEOKIREER (Sspl, VspL Syl) TENENGIET 37°C. 2 B§RILL
) L7, Ui, 7 e —2 5 VERKINC L Y 2B Lz, FLTELN/ ¥ — 2% Table2 OF
—HNR—REBEL T, BOHEERTT -1,

Table 2. RFLP database of Cryptosporidium species

Species Host Accession RFLP in base pairs (sorted)
No. Ssp Type Vspl Type Sty !
C. canis dog AF112576 1543, 417, 159, 105, 33, 20 A [623,550, 104 a |712,565
C parvum  mammals AF161856 [543, 449, 159, 108, 12, 11 B |628, 550, 104 a |717,565
C. wrairi guinea pig AF115378 | 543, 449, 159, 109, 11, 11 B |628, 550, 104 a |717,565
C. parvurm* human  AF093491 1543, 449, 159, 111, 12, 11 . B [561,550,104, 70 b [720,565
C. meleagridis  turkey AF112574 | 543, 449, 158, 108, 11, 11 B |549,456,171,104! ¢ |716,564
C. felis cat AF112575 1688, 426, 155, 33, 14 C |658,395,159,104: d |747,569
C. baileyi chicken  AF093495 [697, 572 D 620, 545, 104 a |709, 560
C. serpentis snake AF151376 1816, 414, 33, 14 E |729, 548 Loe 714, 563
C. muris mouse  AF093457 {831, 448 F |731,548 i e 716,513
C. muris* calf AF093496 {829, 448 F 730, 547 ‘ e |562,453,262

*.“C. parvum human genotype” and “C. muris calf genotype” were renamed to be "C. hominis™” and
“C. andersoni™”, respectively.
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3. ERER
3.1. QProbe-PCREICKBKFDY YT RRAKRYOOLDESRE

7= U SBRERT SR T, REBEBIUEETRAFE LIHER., 7=—Y VU 7IREXSTCUT
DL XL, YIEITRINE 6 X 10°[oocysts/tube] (DFELD CtENE 32 A 7 ARTRIEofizxt L, Ehil BT
40 YA I ARHEETIKR T L, 72, KBEORB CHEMOERNR Oz, —h, T=—J 7
IBEED STC L VW & 1T, IEEREMOBIRICLY . 7 —TOEEE (HfZDNA OEWAERE) MK
Tl ULORBRLY, STCOFEN, BE - BREAFOE) O R TRETHD Ll L,

Figure 1 {2, ZO&ETICRITS, & PCR YA 7 /VTRIE LIS DR D, WISOEHEEITS 5%
%779, BPO Threshold Line” & 1%, 2.1. (4) THRALFIETIER LIz IBHE) %+, F7 Figure2
2. ZOEPSELNBIY A 70 &M LT85 DNA BOBRN LB RERY T,

40

g & E;i:;,:.-.-’ !h i1
o K L
.2:? ¢/ '/ g v ‘
- Threshold line (20%) ’ £ AN
()] 20 7 A 7
P sz
Q /‘"
5 B 7
> )
S ;i
) 4 vt A
0 { ":" e !":: ’::n:-":'l:‘-'\"": '»1 ——'5-—_:'-": - ':"‘}::C‘TZ’T:' n.-__“: ;3'1\"‘,".':_‘::’5?4.._- -'—:‘:!‘p‘t'llin Lot o Tl N
17 6 11 16 21 26 31 36 41 46 51 56

Initial template [oocysts/tube]: PCR chle
—e— 6X10° —4— 6X10°—¥— 6X10"—— 6x10 No Template Control

Figure 1. Amplification plots of Cryptosporidium 18S rDNA by QProbe-PCR
with annealing temperature at 57°C (n=2 for each condition except NTC).

]

4 Jo—

O 1 J - . —— o

30 35 40 45 50
Ct value [cycle]

LOG1o(Initial Template[oocysts/tube])
[y

Figure 2. Standard fine for QProbe PCR derived from amplification plots in Figure 1.
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Figure 1 1233V \C, #IHAHRIN DNA £ 6 X 10°~6 X 10'[oocysts/ube] DFUEHI SV TiE, £ THE DNA Z1%
M52 R TEE, LarL. 6X10%00cysttube] DFREHL, 2 2D H B | i bOLBEMRROEEZRH
T&Te, UL Y AEORBRICEIT AARFEOKRE FIRIZ 6 X 10'[oocystsitube] T 5 & V12 D, F 72, Figure
2 B BA L SEHT - - EER ST R EHORTELRIN 0998 & IEFITEN - 1= (BEREE p<0.001),
Li=2SoC, AFEICL Y, #18 DNA FnEY . EFICRERAETD Z &P TERZEVRD,

PLEORER T 0 AERE% U7z 18S 1DNA &4 —/4 v b & L7z QProbe-PCR IEIZ LY, KD Y7 b2
RY DU LEERE - ARECER T LWREN,

3.2. RFLPZEICK 5SS L LEGEFEOHA

Figure 3 12, FEBICT A u— R/ NVBRUHENZ LV FORIA R/ Y — &R T, Sp IBE U Vsp 1D
C. muris 33 LSy 1D C. meleagridis, C. felis, C. sp. strain 938 T UM ST 127 o T2 WD/~ F43 1280bp
RIS Bbhir, £, & TOSIBEEEIZT 5 C meleagridis DB TR/ 3% — BT, FELIVE
VMEIRIC 2 AR (K9350bp & #9 230bp ) /32 RBRLIT, ZAUTEIL TEL HIFREEREZIMA TR
% (No enzyme control, Figure 3d)) 1238V T HRILEE D 80 FARONIZZ £h3h, PCR Th LT IERFERRE
MR B3 RTHB LRI LT,

C. parvim 77 B & WIS XX C. meleagridis 1. Ssp1 DY L TR U & 5 2l &35 — 2 (534bp,
449bp, 159bp, Type B) %7 L7= (Figure 3a)), —J7 C. felis & C.muris 13, T ENMM L IIRIe D7 —2 (£

Figure 3. Restriction fragments patterns of Cryptosporidium spp. by agarose gel (2%) electrophoresis.
1. C. parvum bovine genotype 2: C. parvum human genotype 3: C. meleagridis
4. C. felis 5: C. sp. strain 938 6. C. muris

M: 100bp DNA Ladder
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NENRType C. Type F) ZRLTEY, SEIAVEREOF TOHRIATRETH o7, C. sp. strain 938 {IZBIL
Tit. A EHENE LRSI >\ COBERRFINHE LI TW WD, Big Lo R SZ —13h05
PRVDS, —EROEEESN ST B G. D7< & b 33bp ODWTAMMFEET D Z &N TFHRIN, Sp 1D
Wip B % —> (Figure 3a)) ZR5 &, 1250bp FHILIC/NY RBRGNSTZT T, 33bp DBTRIZT T A <~—
A o— b B> THERTE R -T, U bX V., ZORIZE L TiE, 33bp DT 24 LTV A HIREMIE S
LR, TRLUSNOGEET TIIEI S22 & ibhoT,

Figure 3b) @ Vsp W2 X AU R/ (¥ — V& RD & C parvum U AL L C. sp. strain 938 TERD/IF
— (628bp, 550bp, Typec) BRLIL-MIX, FREFNMBD N F— 2R LI,

Sty 12 & B9 R 5 —> (Figure 3c)) 1t RWADHARVBEC L > TEORLD DD, C muris
ZIR L ETORETELT (707~74Tbp & 564~569bp) , C. muris i, £ T OTETHIE LW TR TH 517 560bp
D3 RO, 450bp £ & 260bp T2/ S ROSR.G iz, Table 2 D C. muris DD A L R X IRIOMT
FENZ—VEHBTAZLICEY ., Z0C muis XV A THAHRRBEERENEEZ BN,

PUEX Y. HIFREESR Sspl. Vspl 2V 2 RFLP BRI L 0 | @B FEEFID 0o T D 4 DOREE 71 38s
FH (C parvum & WBL LB C meleagridis, C.felis) &FNENERT DT EMRTET, Fiz, Bl
Syl #ANEZ LT, C muris DEETE (7B, 3 XA OHENFIRETHD Z Lhbhrol,

4. xR
4.1. QProbe-PCR%ICK DD )T RRRY CHLGEEIZDONT

AT TR LIZZ V7 AR Y U7 LD 18SDNA %58 & L7 QProbe-PCR &I, JEFIZEVVFEE @R
TEAEH R*=0998) 2o TWABZ EBHALMNER-Tz, FRERTRIZOWTIE, ABEIORBERNS
6x10"[oocysts/tube] & L7=A%, 6x10°[oocysts/tube] DFAEIN S b ERMEDOH ZRBFERMBFONRTNDIZ &, &
7. AENIFNUTOREMETIHRRBR L TWVRWZ b, EEOEETRIZL VEVAEELH B,

el D=8, B UHEEERIND TS5 A < —B LU o —7%FH LT, TagMan 7a—7%fW-) 74
£ LPCRIEIZ X DERBERAI, 20L&, PCRUSROIERIZIX PCR Master Mix 25/ L, 1RESHFIT
QProbePCRIEERI U & Uiz, ZOFER, FHATRIIE 6x10°~6x10°oocysts/tube] DV YT HD A 5 b A
BT AZ LN TEADotz, Eie. MOBETFESNIT5 TagMan 71 —7 %2 B FiE POERT
FRIZ. 38X % S[oocystitube] Th o7z, L7h->T, SEIFAR Lz QProbe-PCR ¥EIL, FRIEE « MIHRKEED
W7 OEIZBV T, TagMan 70— F W) TAZ A LPCRIEERIZETHD L2 D,

EHlZ, —HXIZ, TagMan o —7 2 AVWEFEL, BIET2EERSIORIZHEVRS TERVWEE
P TW 35, FEBE. QProbe IE TRV VIBIEERALIZRT LT, TagMan 70— 7 % W= FETIHIEKRO H 55
HESNR D oT, —F. QProbe-PCR k% AV VEAFEIL, £ 1280bp D DNA &XZUITH I ENTE
fro ZHUL, ULTFO 2 DOE TENIEHTHD L\ 2 b, 9. Bo417/- PCREME, 4BHT-o7 RFLP
IR OO AT THNFRIOEAT 5 2 & T, WMeFESUET AEBRE2BOND LV IR THE, K
BFeCit. ZOAB LT, RFLP &I LD 27 U 7 R AR D0 A0 FROHELRITL D Z L &7
Uiz, Wio, 7a—7OREHIEE L, TagMan 7 u—7 OEFIERET HHE & R LT, BESFRIROAH
ERENE NS ARETOND, ZHICEY, ZKIBEDO L DI SRF A v —DER LIS SO|ET, X
DENE 7O — T RERF LT RS, AEWER LT RIZEWT 1280bp DE SOEFIEZFRIZTEZOL,
TORBITA S L IANRKEVEZ I LND,

L, AFEERR. BEEO TagMan 7u—7 2FWE Y TAZ A A PCRIEERAR, REHFD S U7 R R
FY DY L0 DNA HIEHERE LTWAED, RHENZZ VT MARY D0 A0S, b h~DREG
HEFETHZ LIETER,
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4.2. RFLPZEICKHEDHHIZDONT

HIBREESE Ssp 1. Vipl & FAV V- RELPIEIC L V| b b~ ORLFIAEE XT3 5 DO E /- 18 74

(C. parvum & N, U BY C meleagridis. C.felis, C.muris) %8B35 &N T&, o, Syl 2HW
52 ET, Comwis DBIGTFR (U, RXIB) OHETLHZENTELZ EBbhofz, FZT, 4
B2 o T EDMDFE (C. canis, C. wrairi, C. baileyi, C. serpentis, C. muris 72 I {2250 Th, Sspl.
Vspl, Syl L5 RFLPIEICE V| T & OMFINFIRETH D05~ e,

Table 2 DEIW/ 7 — L OFFRA R DL, 10D S5, C parvum & C owrairi #3345 2 13 TE200h
DO, FED D IFEIOWTIE, WA EANZ—UDOOHEDHEENTRETH D Z bbb olz, Lo T,
T3 EOFIREREZ MRV RFLPIEIZ LY | BETSEOL 2HHITHZ LA TEL LEZDND,

4.3. AFZOEATREMEIZONT

ABFFECHA%E L. QProbe-PCR & RFLP (k& MAS R FEIC LY | Sl RICIOT, RehbicrE
FELTWEZ VT RARY DU LOFERE, TOBBIUOERTFEE, FRHCHET D Z ENTRTH S
T EMFRINT, BIFEOFETIE. ZhODOFRERIRACED Z LIIRAE L ST, #1x4E TagMan
Tu—7 &RV TAH A L PCRIETH, EBHIIIRIRETH 5%, BN DEIBEMIE -, fEP
BEFROURBNZITH = LN TERY, 77 PCR-RFLP 72 & OREFOROHBIEETIL, 857 DNA %,
TEBAY TV PCRIEIZE VIEIET A720, BEMRIEMEED Z LB TER,

AFEORRE LT, SEOEPR—FREHISEN TS, AR Y — U OHENREDIZL <72
h. ECOREEHHTERWATREEMES S NS, L L, ERJIKE X OWIEAGREHZ S L TiT-722 Y
ZRABEY DY ARIRER R R L BETH o7 25 RED S b, EROBE I TENEENT
VDR 10 BEFT, ZRBIE T 2 lEBEDIBA Th oz, Table2 DYIW Z — b EZ L 2fEDRE
Thol-matd., Bmeiaid, FofAGhbETH THLENTNEIHHITE 5 L Bbh b,

F7-. KFED, PCR 2 AWVAMOFIE L FHEIZ, PCR 51 7 X2 L 0 REHICIHE T 52 Tofli% .,
ORI B R ToE ETRHT A Z LIERARETH B, LIend o, UK IS SEORENEFE L
BATH, TORTESL CWAFOLEZRE L TLE S WREMERH D, LrL, —RRIKEAKFRERDZ Y
T RRRY 0 LREERIIEFIELS . AR 0E2BOA— R BRSNS Z IR H, Z0X
IR EVBAT DHBIENEEZ BND,

UEX Y., 4EEER U -FERZAGEARGERTIUE. BEhns )7 s 2R DO AOFERICOVWT
DIFHE . FOFEHHWITERIEFRIZOWTOBFRERFAIES Z LA TE 5, AGEKEBEIC L ARG 2
7 RIS 5 9 X CHEICEERFEERILEVWAD,

BAEE . AFEZITHOICHIZ0 7 U T RARY T ADDNA 2455 L TL 12 & > - ESUBRYEeRT &
B oERE BERR, JUKHE EEFIOME, 38X QProbe-PCR IEDFIEMEIIC S ) SR % TEV V-
RiET =7 Y 7BRASEO-HI i, BE FholRICESHEEZRT D,

IRRARIFEE. AR ERMEE FiRl - FESYYEMIRGEE (7Y 7 b ARY O LHIc LD
ACRIBYSEI AR D DR ) R 7 FHIR OVEERICEE 20158 (& - EaE—) a2 tiThih,
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ABSTRACT

Wastewater reclamation is an effective countermeasure to the shortage of water. However, there is
concern that the wastewater reclamation causes health risks of infection by pathogens and cancer by
disinfection by-products such as trihalomethanes (THMs). Since it is difficult to discuss these risks
together, the Disability-Adjusted Life Years (DALY) has been employed to integrate them with the unit
of lost lifetime. Health risks of infection and cancer in Fukushima city with population of 0.3 million
were evaluated with the DALY in the wastewater reclamation as a drinking water source. The damage
[%o°day] from the shortage of water was quantified by the product of the percent of deficiency to the
water supply demand [%] and the period of deficiency [days]. In the current situation of water utilization
without reclamation, the DALY for total population was about 11 years. The reclamation of the
secondary effluent without disinfection brought no increase of DALY when the damage between 0 and
300 %eday was reduced. On the other hand, the DALY drastically increased when the reduction of the
damage was over 300 %eday. If the secondary effluent was disinfected with chlorine, the maximum
damage of 1200 %eday could be reduced by its reclamation without any increase of DALY.

KEYWORDS

Wastewater reclamation; shortage of water; health risks; pathogens; disinfection by-products; Disability-
Adjusted Life Years (DALY)

INTRODUCTION

The shortage of water is recognized as one of the most serious problems on the global environment.
United Nations (UN) reported that one third of the world population in 1995 was suffering from the
shortage of water and two thirds in 2025 would be doing due to the increase of the water demand. For
the countermeasure to the shortage of water, the wastewater reclamation has been introduced to the
water utilization system for purposes of toilet flushing, car washing and irrigation in the urbanized area.
In Singapore, the wastewater treated with membrane technologies has been provided for the drinking
water named “newater”. If the shortage of water becomes more serious, the wastewater reclamation as a
drinking water source will be popular in the future.

Since pathogens are often detected from the secondary effluent (Omura et al., 1989; Havelaar et al.,
1993; Yano et al., 1993), an appropriate disinfection of the effluent is necessary before its reclamation to
prevent the increase of the infectious risk. Watanabe et al. (2003) concluded that the infectious risk by
poliovirus 1 did not increase in reclaiming the secondary effluent disinfected with chlorine as a part of
the drinking water source. However, it is well-known that carcinogenic substances such as
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trihalomethanes (THMs) are produced when the secondary effluent is disinfected with chlorine.
Therefore, the cancer risk as well as the infectious risk in the wastewater reclamation should be
evaluated and decreased to the acceptable level.

The objective of this study is to evaluate both health risks of infection and cancer in the wastewater
reclamation with a health index of the Disability-Adjusted Life Years (DALY). The DALY was
developed by Murray and Lopez (1996) for the investigation on Global Burden of Disease (GBD) with
World Health Organization (WHO). This index has the advantage to quantify the burden for population
which will be evaluated from both of fatal diseases such as cancer and nonfatal diseases such as
infectious diseases in the same unit of the lost lifetime [years]. The lifetime lost by nonfatal diseases is
determined according to the disability caused by the diseases.

MATERIALS AND METHODS
Wastewater reclamation

Prediction of the river discharge at the intake point. The wastewater reclamation is simulated in
Fukushima city located at the middle reach of the Abukuma river in Japan. In this city with the
population of 0.3 million, the Abukuma river is used as a drinking water source. Fukushima city often
suffer from the shortage of water due to low discharges of the Abukuma river, especially in summer
season. In order to predict the shortage of water in this city, Watanabe et al. (2003) categorized the river
discharge observed from 1980 to 1999 at the intake point of the water treatment plant into 20 levels and
derived the matrix of simultaneous probability of discharge levels on consecutive two days from
categorized data. With the derived matrix of probability, they proposed the method to predict the
shortage of water by reproducing the river discharge level at the intake point day by day. In this study,
the shortage of water in Fukushima city is predicted with the matrix of probability in the same manner.

Scenarios on the wastewater reclamation. The wastewater is reclaimed as a part of drinking water
source. The daily dosage of the drinking water is assumed to be 2 L for all individuals in Fukushima city.
According to the statistical analysis of river discharge at the intake point by the Ministry of Land,
Infrastructure and Transportation in Japan, the discharge below 25 m’/s is very rare. Therefore, this
situation is regarded as the shortage of water. In such case, the intake from the Abukuma river is
restricted by the river discharge level (Watanabe et al., 2003), and the wastewater is reclaimed as a
drinking water source in two scenarios A-1 and A-2. In scenario A-1, the wastewater reclamation covers
a half of the shortage of drinking water source. In scenario A-2, all of the shortage is replaced by the
reclaimed wastewater.

Damage from the shortage of water. The damage [%eday] from the shortage of water is quantified by the
product of the percent of deficiency to the water supply demand [%] and the period of deficiency [days]
(Ikebuchi, 2001).

Evaluation of the infectious risk

Pathogen and dose-response model. Rotavirus is employed for the evaluation of infectious risk in the

wastewater reclamation. The infectious risk caused by rotavirus is evaluated with dose-response model
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proposed by Rose and Gerba (1991).

Assumptions for the evaluation of infectious risk. The concentration of rotavirus is assumed to be 50,000
times lower than that of total coliforms (Kaneko, 1997). The concentration of total coliforms in the river
is predicted on the basis of the river discharge with the marix of probability (Watanabe er al., 2003).
Infected persons excrete rotavirus at the concentration of 10° PFU/g of feces for 30 days (Kaneko, 1997).
The concentration of rotavirus in the wastewater is calculated from the number of infected persons and
the discharge volume of wastewater (360 L/d/person). Ninety percents of rotavirus in the wastewater are
removed by primary and secondary wastewater treatments (Kaneko, 1997). Moreover, 99.9% of
rotavirus in the secondary effluent is inactivated by the chlorine disinfection (Vaughn et al., 1986). The
viral concentration in the drinking water source is calculated from those in the reclaimed wastewater and
the river water. The removal efficiency of rotavirus by the conventional water treatment ranges from 1.7
to 2.9 log (Watanabe et al., 2003). The inactivation efficiency of rotavirus in the drinking water by the
chlorine disinfection after the water treatment is assumed

to be 3log (Vaughn et al., 1986). S
Z 4
Relative sensitivity to the infection. Figure 1 shows the 3
relative sensitivity for Japanese to intestinal infectious g 3
diseases caused by pathogens including rotavirus § 5
(Watanabe et al., 1999). The sensitivity for infants and %
children between 0 and 4 years old is quite higher than % 1
those for any other age groups. The sensitivity is
considered in the evaluation of infectious risk (Watanabe 0 0-4 514 15-44 45-64 65

et al., 1999). Age

Figure 1. Relative sensitivity to intestinal

Evaluation of the cancer risk . . .
infectious diseases for Japanese.

Assumptions for the evaluation of cancer risk. Trihalomethanes (THMs) consisting of chloroform,
bromodichloromethane (BDCM), dibromochloromethane (DBCM) and bromoform are employed as
disinfection by-products causing cancer risk. Since it is known that THMs cause cancer in liver, the risk
for the liver cancer is evaluated. The concentrations of THMs in the drinking water are calculated from
THMs production capacities in the reclaimed wastewater and the river water. When the secondary
effluent without disinfection in the wastewater treatment is reclaimed, THMs production capacity in the
reclaimed wastewater is 333.0 pg/L (Table 1). On the other hand, if the reclaimed secondary effluent is
disinfected in the wastewater treatment, the THMs production capacity is assumed to be 113.8 ug/L
considering the volatilization of THMs during the storage of the wastewater before its reclamation. The
THMSs production capacity in the river water is determined with Monte Carlo method based on the
observed data which is well-expressed by the lognormal distribution with the average of 107 ug/L.
Moreover, it is assumed that 30% of THMs production capacity is reduced in the conventional water
treatment process {Tambo, 1983).

Table 1. THMs production capacity in the secondary effluent [ug/L].

Chloroform BDCM  DBCM Bromoform Total THMs

With volatilization 47.1 37.5 24.1 5.1 113.8
Without volatilization 112.7 131.0 74.3 15.1 333.0
803
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Calculation of cancer risk. According to Integrated Risk Information System (IRIS) published online by
the U.S. EPA, cancer risks for lifetime exposure (70 years) to THMs except chloroform can be evaluated
from the concentration in the drinking water with the slope factor. In case of chloroform, the U.S.EPA
estimated the reference dose of 0.0lmg/kg/d as a daily exposure that is likely to be without an
appreciable risk of deleterious effects during a lifetime. If the person with the weight of 50 kg drinks 2 L
of the water every day, the concentration in the drinking water should be lower than 0.25mg/L. The
cancer risk for chloroform is evaluated on the basis of the occurrence probability of the concentration

higher than 0.25mg/L. 5

Relative sensitivity to liver cancer. Figure 2 shows 2 4}

the relative sensitivity to the liver cancer for each :é 3|

age group. This sensitivity is calculated on the basis g

of the cases of liver cancer reported by Ministry of :z’ 27

Health, Labor and Welfare in Japan. Unlike the é .

sensitivity to the infection (Figure 1), senior people

have the high sensitivity to the liver cancer. This 0o 'E‘ 2‘ g‘ gl %I %E‘ 2roagaTRl
sensitivity is considered in the evaluation of cancer Irovguenenenguerng %
risk in the same manner as the evaluation of Age

infectious risk. . . - .
Figure 2. Relative sensitivity to liver cancer

. . for Japanese.
Evaluation of health risks by the DALY

What is DALY? The Disability-Adjusted Life Years (DALY) is the sum of the Years of Life Lost (YLL)
and the Years Lived with a Disability (YLD). The YLL indicating the lifetime lost by the fatal disease
can be calculated on the basis of the life expectancy reported by Ministry of Health, Labor and Welfare
in Japan. The disability caused by fatal or nonfatal disease is quantified with the YLD by decreasing the
lifetime according to its severity proposed by Murrey and Lopez (1996).

Calculation of the DALY based on the infectious risk. It was reported by Gerba et al.(1996) that 60% of
persons infected by rotavirus would be asymptomatic. The DALY is calculated only for symptomatic
persons. Since Gerba et al. (1996) proposed 0.01% as the fatality ratio for rotavirus infection, the YYL
for the infection is negligible. Symptomatic persons will suffer from the diarrhea for seven days (Gerba
et al., 1996). Since this duration of disability is quite lower than that for cancer, both of the time
discounting rate and the age-weighting factor are not considered in the calculation of YLD. Number of
symptomatic persons in an age group is calculated as the product of three valuables of the infectious risk,
the relative sensitivity to intestinal infectious disease (Figure 1) and the population in the age group. The
DALY lost by rotavirus infection is calculated by multiplying the YLD and total number of symptomatic
persons.

Calculation of the DALY based on the cancer risk. The fatality rate for liver cancer was estimated as
84% from numbers of patients and deaths reported by the Ministry of Health, Labor and Welfare in
Japan. Based on this fatality rate and the survival data observed in a Japanese hospital, the death rate (P))
for liver cancer in the ith year after the medical treatment is calculated as shown in Figure 3. The
symptom of liver cancer develops, the medical treatment is performed at the age of a, and then the
expectation of DALY (DALY,) lost by liver cancer for the individual (Figure 4) is calculated as by the
following formula:
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Figure 3. Death rate in the ith year after the Figure 4. Expectation of DALY (DALY,) lost
medical treatment for liver cancer. by liver cancer for the individual.
DALY, = 3 P(YLL, + YLD,)
i (D

where,
lost by
cancer
groups.

Health

YLL, is the YLL for the death at the age of a+i and YLD, is the YLD during i years. The DALY
the liver cancer for the population is obtained by totalizing products of four valuables of the
risk, the relative sensitivity to liver cancer (Figure 2), the population and DALY, for all age

RESULTS AND DISCUSSIONS

risks of infection and cancer in the wastewater reclamation

Infectious risk in the wastewater reclamation. Figure 5(a) shows the annual infectious risk in reclaiming
the secondary effluent without disinfection. When the secondary effluent was not reclaimed, that is in

Annual infectious risk
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effluent without disinfection secondary effluent

Figure 5. Relationship between the annual infectious risk caused by rotavirus and the
reduced damage from the shortage of water in the wastewater reclamation.
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the current situation of water utilization, the infectious risk ranged from 6.0 x 10™ to 1.0 x 107 This
infectious risk is higher than that (about 1.0 x 10”) generally reported (Kaneko, 1996). One of reasons
for this high risk is that the actual dosage of drinking water may be lower than 2L. Another reasons is
that rotavirus has the higher capacity of infection than any other viruses (e.g., poliovirus, coksackie virus,
adenovirus). When the reduced damage from the shortage of water was over 200%eday, the infectious
risk drastically increased. If the reduced damage was over 1000%-eday, almost of all individuals was
infected by rotavirus. Figure 5(b) shows the annual infectious risk in reclaiming the disinfected
secondary effluent. In this case, the infectious risk did not increase regardless of the reduced damage
from the shortage of water. It became obvious that the reclamation of the secondary effluent disinfected
with chlorine brought no increase of infectious risk

caused by rotavirus. 104 ; : : —
8 ’ o No reclamation

L - & | A Scenario A-1
Cancer risk in the wastewater reclamation. Figure 6 105 1 _
illustrates the annual risk of cancer caused by ; 0 Scenario A-2
chloroform in reclaiming the disinfected secondary ,g GMQP% o A%@ o n/n]
effluent. The cancer risk was almost constant 2, 4 |
regardless of the reduced damage from the shortage < ’
of water. Annual cancer risks caused by other THMs |
were also constant. The average risk of cancer 10”7 f
caused by chloroform (3.2 x 10°) was higher than 0 200 400 600 800 1000 1200
those for other three substances (BDCM: 6.3 x 107, Reduced damage from the shortage of water [%°day]

. -7 . -8

DBCM: 6.8 x 107, bromol:"orm. 7'7 X 10 _)‘ When Figure 6. Relationship between the annual risk
the §econdary effluent without disinfection was of liver cancer caused by chloroform and the
reclaimed, the cancer risk was almost the same as reduced damage from the shortage of water in
that shown in Figure 6. reclaiming the disinfected secondary effluent.

Evaluation of the wastewater reclamation with the DALY

DALY lost by rotavirus infection. Figure 7(a) shows the DALY lost by rotavirus infection for total
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Figure 7. Relationship between the DALY lost by rotavirus infection for total population
and the reduced damage from the shortage of water in the wastewater reclamation.

806
— 174 —



4-E-11-4

population (0.3 million) when the secondary effluent without disinfection was reclaimed. The maximum
DALY for total population was 194 years. In this case, The DALY for each individual was estimated as 5
hours and 40 minutes. In case of no reclamation, DALY for total population and each individual were
1.7 years and 3 minutes, respectively. Therefore, more than 190 years of lifetime in Fukushima city
would be lost by the wastewater reclamation. Figure 7(b) shows the DALY lost by rotavirus infection for
total population in reclaiming the disinfected secondary effluent. The DALY in this case was the same as

that in case of no reclamation.

DALY lost by cancer. Figure 8 illustrates the DALY & 15
lost by liver cancer in reclaiming the disinfected ?
secondary effluent. Since the cancer risk did not g A =
increase in the wastewater reclamation as shown in g 10 S isety Q’; = o !
Figure 6, the DALY lost by liver cancer was also —i wlep o 7o °
constant (9.2 years). The similar result was obtained Q
in case of reclaiming the secondary effluent without ;q 5 o No reclamation |
disinfection. 2 aScenario A-1

- o Scenario A-2
Comparison of the DALY lost by infection with that %% 200 400 600 800 1000 1200
lost by cancer. Figure 9(a) illustrates the comparison Reduced damage from the shortage of water [%eday]
100fsttheb}Iz)Alli;errlOita:(z,erro?;:mtsotlgﬁfe?g;t 1;;2; thia; Figurfj, 8. Relationship between thg DALY lost

by liver cancer for total population and the

reclaiming  the  secondary  effluent  without reduced damage from the shortage of water in
disinfection. The sum of these two DALYSs is also reclaiming the disinfected secondary effluent.

illustrated in this figure. When the damage from the

shortage of water between 0 and 300%-eday was reduced, the sum of DALYs was constant (about 11
years). On the other hand, if the reduced damage was over 300%-day, the sum drastically increased
corresponding to the increase of DALY lost by infection. Figure 9(b) shows DALY lost by cancer and
infection in reclaiming the disinfected secondary effluent. In this case, the maximum damage of
1200 %eday could be reduced by its reclamation without any increase of DALY. Therefore, if 99.9% of
rotavirus in the secondary effluent is inactivated by chlorine disinfection, the same health risks as that in
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Figure 9. Comparison of the DALY lost by rotavirus infection with that lost by
liver cancer for total population in the wastewater reclamation.
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