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Although detection of Cryptosporidium oocysts in water
samples was traditionally carried out using either direct
microscopic visualization of oocysts by staining techniques
and fluorescent antibodies or enzyme immunoassays or cell
culture, these detection methods are labor-intensive, require
a large number of oocysts for positive detection and are not
suitable for high-throughput processing of samples
{Ramirez & Sreevatsan 2006). Instead of these conventional
methods, molecular (nucleic acid based) techniques have
been developed for rapid detection of Cryptosporidium
oocysts from water samples. Most molecular techniques are
based on polymerase chain reaction (PCR) (Monis & Saint
2001; Hirata & Hashimoto 2006; Masago et al. 2006). PCR is
sometimes combined with cell culture (cell culture-PCR)
(Di Giovanni et al. 1999). However, these techniques
require a high precision instrument (thermal cycler) to
amplify target nucleic acids and elaborate methods such as
gel electrophoresis for detection of amplified products.
Therefore, simpler detection techniques are strongly needed
for the routine detection of Crypfosporidium oocysts in
drinking water treatment plants, bathing facilities, and
wherever water quality monitoring is needed.

Loop-mediated isothermal amplification (LAMP) is a
novel nucleic acid amplification technique that relies on an
autocycling strand displacement DNA synthesis performed
by the Bst DNA polymerase large fragment (Notomi et al.
2000). A large amount of DNA can be synthesized in a short
time (15-60 min). LAMP enables nucleic acid amplification
under isothermal conditions ranging from 60 to 65°C, and
therefore, LAMP can be performed using a simple incubator
or a water bath instead of a thermal cycler (Tani ef al. 2007).
Furthermore, gel electrophoresis is not needed because the
LAMP method synthesizes a large amount of DNA so that
the products can be detected by simple turbidity (Ohtsuka
et al. 2005). Thus, LAMP is faster and simpler to perform
than PCR. Recently, we have developed the LAMP assay for
rapid detection of Cryptosporidium oocysts (Momoda et al.
2009). The detection limit of the assay was 0.8 oocysts/
LAMP test tube, and the sensitivity of the assay was enough
to detect even one oocyst. However, it is too difficult to
extract and concentrate all target DNA to one test tube
because the sample volume of the LAMP assay is usually
only 5plL. Therefore it is necessary to develop a more
sensitive assay to obtain stable results even if only one

oocyst exits in water samples. To increase the sensitivity, we
focused on rRNA in Cryptosporidium oocysts because the
number of target (18S) rRNA is much greater than that of
target rtDNA. We were not sure of the amount of ribosomes
in a Cryplosporidiumn oocyst, but expected a large quantity
of rRNA. At least some bacterial cells have several thousand
of ribosomes per cell (Fegatella et al. 1998), and approxi-
mately 80 percent of the total RNA in rapidly growing
mammalian cells (e.g., cultured Hela cells) is rRNA
(Lodish et al. 2000). Moreover detection of nucleic acid
sequences would theoretically be a good indicator of which
cells are living, since the nucleic acid in a dead cell in a fresh
water environment is likely to be degraded by endogenous’
and environmental nucleases within a relatively short
turnover time (Paul et al. 1989).

In this study, we developed a one-step reverse-
transcription LAMP (RT-LAMP) assay for rapid and high-
sensitive detection of Crypfosporidium oocysts, and applied
the assay to the detection from real water samples collected
from surface water and ground water.

METHODS
RT-LAMP assay

The RT-LAMP assay was performed in 25 uL of the total
reaction mixture with a Loopamp DNA amplification kit
(Eiken Chemical Co., Ltd., Tokyo, Japan) containing 5 pmol
(each) of outer primers CryF3 and CryB3, 20 pmol (each) of
loop primers CryLF and CryLB, 40pmol (each) of inner
primers CryFIP and CryBIP, 1.5U of reverse transcriptase
(Roche) and 5 L of extracted RNA samples. Sequences of
these primers are shown in Table 1. The reaction mixture
was incubated at 63°C for 60min, and turbidity was
continuously monitored using a Loopamp real-time turbi-
dimeter (LA-320C; Eiken Chemical CO., LTD., Tokyo,
Japan). Positive and negative controls for the RT-LAMP
reaction were included in every reaction. The positive
control was made of RNA with an artificial sequence, which
enables one to distinguish the RT-LAMP products between
the artificial sequence and the real Crypfosporidium
sequence by banding patterns on the gel after electro-
phoresis. The artificial sequence had all primer sequences
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Table 1 | Primer oligonucleotides used for RT-LAMP

Primer name Sequence (5 — 3')

Location” Reference

CryFIP TACTTAACTC ATTCCAATTA GAAAACCCAG GGAGGTAGTG ACAAG 502 Momoda et al. 2009
CryBIP ATAAACCCCT TTACAAGTAT CAATTTATAC GCTATTGGAG CIGG 502
CryF3 GCGCAAATTA CCCAATCC 413
CryB3 ACTACGAGCT TTTTAACTGC 611
CryLF CCAAAAAGTC CTGTATTG 477
CryLB GAGGGCAAGT CTGGTG 528

“Corresponding nucleotide position of Cryptosporidium parvurm 18S rRNA gene {Accession No. L16996) of the 5' end.

and the Eco RI restriction enzyme site. After an oligo
DNA synthesis of the artificial sequence with a T7 RNA
polymerase binding site, the positive control was made by
using the T7 RNA polymerase (Stratagene). The negative
control was the pure water included in the kit.

RNA extraction

Immediately after five freeze (—80°C) and thaw (37°C)
cycles, the sample solution including Cryptosporidium
oocysts was incubated at 60°C for 30min using a heat
block with the solution for nucleic acids extraction (TE:
20mM, NaCl: 0.1%, TrironX-100: 2mM, DTT: 0.2 pg/mL,
Proteinase K: 6mAnson-U/mL). After that, the sample
solution was sonicated for 2 min and incubated at 75°C for
10 min. Then, the solution was incubated at 95°C for 5min
to deactivate Proteinase K. Finally, the extracted RNA
solution was immediately cooled down with ice.

Sensitivity test of RT-LAMP assay

Cryptosporidium paroum oocysts (H8 strain, Yagita et al.
2001) which was maintained in our laboratory by passages
in infected mice were used for a sensitivity test of the
RT-LAMP assay. Oocysts were purified from the feces by a
combination of discontinuous density sucrose gradient
centrifugation and cesium chloride gradient centrifugation
and enumerated with a hemacytometer. The RNA of
purified and enumerated oocysts was extracted, and used
as template RNA. The template RNA was prepared as
10-fold serial dilutions to obtain final concentrations of
6 x 107°-10%oocysts/5uL. Then, the RT-LAMP assay was
performed in duplicate for each diluted sample.

Detection of Cryptosporidium oocysts in real water
samples by conventional microscopic observation and
RT-LAMP

Twenty-two surface water samples and nine ground water
samples were collected in two Japanese area (Tokyo
Metropolitan, Miyagi prefecture). Twenty liters of water
samples were concentrated to S5ml by vacuum filtration
with 5 um polytetrafluoroethylene (PTEE) membrane filters
{90 mm diameter, Omnipore, Millipore). Typically between
1 to 3 filters, or a maximum 10 filters were required to
process the entire 20L sample. Half the volume of
concentrated sample solution, namely 2.5ml of the con-
centrate which was equivalent to 10 L of water sample, was
used for conventional assay based on microscopic obser-
vation, and the other half volume was used for the RT-
LAMP assay. v

The conventional assay was performed by Japanese
standard method for detection of Cryptosporidium in water
supply systems (Ministry of Health, Labour & Welfare
2007). After purification through immunomagnetic separ-
ation (IMS) (Dynabeads GC Combo, Invitrogen), Crypio-
sporidium oocysts were separated from magnetic beads
using hydrochloric acid, and fixed on a membrane filter.
The fixed sample was stained with EasyStain antibody stain
(BTF), and observed using an epifluorescent and differential
interference contrast microscope.

RNA extraction was performed while Cryptosporidium
oocysts were captured by magnetic beads. After the washing
step in a 1.5ml tube, the Cryptosporidium and beads
complex were subjected for RNA extraction in a 20pl
solution. Then, the RT-LAMP assay was performed for the
extracted RNA samples. To confirm the results, 1L
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Figure 1 [ Detection limit of the RT-LAMP assay for the detection of Cryptosporidium oocysts using 10-fold serial dilution of template RNA extracted from Cryptosporidiumn parvum

oocysts,

aliquots of RT-LAMP products of positive samples were
electrophoresed on a 2% agarose gel in Tris-borate-EDTA
buffer (TBE buffer), followed by staining with ethidium
bromide and visualization on a UV transilluminator.

RESULTS AND DISCUSSION

Sensitivity of RT-LAMP assay for the detection of
Cryptosporidium oocysts

Figure 1 shows sensitivity test results for the developed RT-
LAMP assay using 10-fold serial dilution of template RNA
extracted from Cryptosporidium parvunt oocysts. Threshold
time (Tt), which is defined as- the time at which the
differential calculation value, exceeds 0.07, increased with
the decrease in the template RNA concentration. The Tt
value of each diluted sample is listed in Table 2. Tf values
were unstable when oocysts concentration was 6 x 107*
oocysts/LAMP test tube or less. When the concentration
was 6 X 1073, one turbidity curve did not increase. On the
other hand, Tt values were stable in duplicated tests when
the concentration was 6 X 107 oocysts/LAMP test tube or
more. Therefore, we judged the detection limit that shows
reproducible results to be 6 x 107° oocysts/LAMP test
tube. This value is much less than the detection limit by
normal LAMP assay. In our previous study, the detection
limit of the LAMP assay was investigated by almost the

same method, and the limit was shown as 0.8 oocysts/
LAMP test tube. Thus, we succeeded in improving in
sensitivity for the detection of Cryptosporidium oocysts.

Evaluation of RT-LAMP assay for the detection of
Cryptosporiditm oocysts in water samples

Table 3 shows the detection results of Crvpfosporidium
oocysts in real water samples. Two out of 31 water samples
were positive in conventional microscopic observation, and
these two samples were positive in the RT-LAMP assay, too.
Hence, false-negative results were not observed in the
RT-LAMP assay. However, 5 more samples were positive in

Table 2 | 7t values of each diluted sample in the RT-LAMP assay

RNA concentration” Tt value Standard
{oocysts/LAMP test tube) {min) deviations
6 x 10° 19.8, 19.8 0.00

6 x 10° 21.3,21.2 0.07

6 x 10° 225,226 0.07

6 x 1071 243, 24.3 0.00

6 x 1072 27.4,27.1 0.21

6 x 1073 31.3,32.3 0.71

6 x 1074 30.4, 33.2 4.38

6 x 1077 39.0, N.D.} -

"RNA concentration is converted to oocysts concentration in a LAMP test tube.
*Not detected.
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Tabie 3 [ Detection results of Cryptosporidium oocysts in real water samples by
conventional microscopic abservation and RT-LAMP

Microscopic
Sample No. Sample type observation1 RT-LAMP®
1 Surface water - +
2 Surface water - -
3 Shallow well water - -
4 Shallow well water - -
5 Surface water - -
6 Surface water - -
7 Surface water - -
8 Surface water - -
9 Surface water - -
10 Spring water - -
11 Spring water - -
12 Surface water - -
13 Spring water - -
14 Spring water - -
15 Surface water - -
16 Surface water - -
17 Surface water - -
18 Surface water - -
19 Surface water - -
20 Surface water - -
21 Surface water - +
22 Surface water - +
23 Surface water + +
24 Surface water — +
25 Surface water - +
26 Surface water + +
27 Surface water - -
28 Shallow well water - -
29 Shallow well water - -
30 Surface water = -
31 River-bed water - -

"+, Positive; —, Negative.

the RT-LAMP assay. Firstly, false-positive results by
contamination of positive control in the RT-LAMP assay
were considered as the reason. However, it was found
by electrophoresis that the contamination did not occur,
and RT-LAMP products of these five samples were
amplified nucleic acid of Crypfosporidium oocysts as
shown in Figure 2, Secondly, decreased sensitivity can be

M 1

2 3 45 6 7 8 910

M:100bp DNA ladder
1: Positive control for
LAMP reaction®
2: Positive control for

electrophoresis®

Sample no.!-1
Sample no.1-2
Sample no.21
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Sample n0.25
0: Sample no.26

S nhw

Figure 2 ] Analysis of RT-LAMP products of positive samples by agarose gel
electrophoresis. *Positive control for the RT-LAMP assay made of RNA with
an artificial sequence. Electrophoretic pattern of this positive control is
different from real Cryptosporidium cocysts. if the electrophoretic pattern
of samples is the same as lane 1, it is an evidence of contamination by the
positive control. "Positive control for electrophoresis which derives from
nucleic acid of real Cryptosporidium oocysts. This positive control is not
used in LAMP reactions.

caused by failure to separate all oocysts from magnetic
beads, insufficient staining and incomplete detection
by microscopic examination. Because of these reason,
Cryptosporidium  oocysts would be more sensitively
detected in the RT-LAMP assay than the conventional
microscopic observation.

CONCLUSIONS

We successfdlly developed a one-step RT-LAMP assay for
the rapid and highly sensitive detection of Cryptosporidium
oocysts. The detection limit is as low as 6 x 1073
oocysts/test tube. Even if water samples contain only one
Cryptosporidium oocyst, the oocyst can be detected using
the developed RT-LAMP assay. Additionally, duplicated
tests are possible in this assay. The RT-LAMP assay
sensitively detects Crypfosporidium oocyst in real water
samples. Use of the RT-LAMP assay instead of conventional
assay based on ' microscopic observation will greatly
decrease the labor needed for the detection of Cryptospor-
idium oocyst.
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30min, 320C3w), I VT4 vaoviiBL®
BT Y THOPEEET IV IR VTEA,
EHWRE AN AT v U ABBRICESE L.

(27 > 70 LT DGR, BE. WEIHE

FRITEOTAETIE, FEBRICBVWTHE, A
7. B, B, B OS5 AORE AR L
P, ZORRTIHER L EZOSPIRE CHIES
ERR N Lol D0, EBIFHEDS
FAN— M EEER LT, FRISEOFHATIE,
B2, B BEHE. B d ey 7y oo
7o 7
OB=E

7)) SN H o T, HElci ey =2
TVERBAIEEBRBIEPY > 7) v FEBER
BRICHEbAA, BELTo/. BEAA SR
KR T2 BB 3T, AEERTLUGRETAH
WARY TR EIL 87z, BEE 2 R BEYICER
L. W5l&% 1L NRICERE Lz BB, BIEH
NEZABOMIGBET A e hholz, Tz,
ERPEURBELCBYTCYHO—FERDOABET
Holo ANEOFEREEEY L L, AT ¥
T MRERERL, BREGEEREL

FEoVAGEK SR
L HES RO 000 A T, SRR T A AT
Tenax TA FEIEH|
®-2 ZEY V7Y &R
D=y

BEICOR YT v Iz onTE, YTy v
JEEE R B OWRIRICIE U TRE L2205, g
EFTAZY TN — LR E o TWBEE,
ETHBBIERE L. RV TOHE%20~30
mL/min {ZFRE L. #BEE[=E130.19~4.51L TdH o
7oo WIFEIHIE VS EEE Y I, ERO%EL
ETHEETABICRY 7EHE S ¢ 7,
OEH & B

EEEBHTOY T VTR, RryTny 4
v AR L, PRITEOFHE T, 4mL/
min DFE TISRE (—HEDL8~HHD 9BF),
FRISE DA T, 5 mL/min D E TI2E R
(—HEDQN~RHD 7TH) Hse, =25%
BE L 720 —EOWEM B OHEICL VYT
)Y VBB ER A RD o N, REEIER
L& L7,

@DrIRNVT T v

FIRNT G s RBREOREE S 1RTOH

B L7z SREGREDANIMBORAESE & Ry,

(5)



#£79% 35 (5 906 8) KoOE W

® B FR22. 3

oL, bIRNT S /71%‘& L7
)&
ﬁtﬂgﬁ*@% PuNT Xy riEE, Tenax
TAREED? O OMENEE (SHIMADZU TDTS-
2010) (2807C. 104°H) %47o72t%, H T v
7 (—15C) Tig# L. GC-MS (SHIMADZU
QP-2010) ZEA LT, DEEEE®IT o720 H T

Ak, ¥¥ Y5 —% 5 . RESTEK RTX-1 (60 .

mX0.32mmX 1 gm) %Az,

237 VOCs DR EREW (Ftitd) £ HwT
WEMTIER Lz WEBENICIRILL: MY e
AP O EERE LEERETRTAIZ LIS
LD REHOBRELIHE L, ERETHRMER, T
CMO. Ing, BDCMO. Ing. DBCMO. Ing, TBMO. 2
ng TH oz,

2.4 fRETREARFE

AR & BT 21813, Kaleida Graph (Ver-
sion 4.0) % F\*"C Wilcoxon-Mann-Whitney 5
(ﬁiﬁ?ﬂii L 5%) EiFo i

BB, BEETRERBOMMTEICOW T ER
TIRED 2 fr}@ 1 @1@$2§)T i&bfx—o
3
3 10 ................ -
?’5 S
5 - -
: '_‘L— o
[ i1 I i/ -
TCM BDOCM DBCM TBM TTHM

E-3 fAKRAKPO MY NT Ay VEE
1) MORROBERIIADEBYNTH A,

0 Mniﬁ (>UQ+1.6 IQDZ 71¥< LQ~ 1.5 IQDO &) l
— FAKRIE ARERRD
I’— I
T5%H (UQ)
{FaE :I TasbehisiRg QD) |
25% 48 (LQ)

(RN PR <)

3. KHEBLURMBPIINDOX L ORERER
3.1 ANAHR B L CARROKIEREIER

30%F DI G2 D NIEREEIL, FoARMHE605
SEE24. 85, HRE215, RAMEL S TH o7,
T/, BEITICBIT A AREHEEEIL, BRME705 .
P EL4 . FIELNS . BMEO S Th oz,
3.2 HAKARKED MU NOX R R

FERE TR L MGKEKRDO My axy ik
B % B-3127R L 720 DBCM 13300F & T CHE X
L, TCM, BDCM, TBM i, #NF258, 29
B, 205F DR, SHB SN, hRET RS
L KPIREIRE VA6 TCM, BDCM,
DBCM, TBM DJETH o7z,

3.3 BARSDESEHRO L) NDA S RE
BRAOEEHO M) a2y REOBIER
EERVCTRT, ABHOBEERTIZBY S
TCM B DR AMEIE178 1 g/m®, EHEIE34. 0
pg/m*, FOMEIZ22.2 4 g/m* TH o 2o TTHM

F-1 MINBRAYYOFMEEE (1g/m°)
CEE | BT | WK | Rk | PO | o
e 30 178 34.0 22.2
BEF 26 9,68 1.45 0.76
TCM
B 29 1.75 0.68 0.49
B 30 0.50 0.22 0.22
BE 29 104 25.5 18,1
(= 22 4,89 0,87 0.44
BDCM
B 20 1.22 0.40 0.25
B 3 0.14 0.02 0.01
" 29 44,4 13.9 11,6
=y 26 1.65 0.46 0.27
DBCM N
B 30 0.78 0.24 0.18
B4 11 0.07 0.02 0.01
& 25 8.0 2.6 1.7
F=2) 18 0.53 [ 0.16 0.13
TBM
FE T8 17 0.21 0.07 0.05
B4 1 0.04 0.03 0.03
HE - 331 73.4 56.5
=1 - 16.4 3,00 1.62
TTHM
&M - 3.58 1,38 0.94
B - 0.57 0.29 0.29

()



AT R O R 2TV Aokt
B70% H3% (8 006 5) YUNTAS S OMEE £ S 5 R EF 00, TR, 7 AT, A1 P -
BEORKMEIE3B] pg/m®, FHMHEIL3. 4 (IMRTOFEICL 280

pe/m’, HHfEIE56.5 4 g/m* TH oz, BEZE
KFDOMERREER-4ITR T, BE, BFBLV
FHEOEBIPIREZLETS L, BED TTHM
BEL, RAKETERPERERPEE LT
20~92M% . PIYET24~5345, hILETI5~60ME
EHFBEVICREREER L.

FUANT XY ¥ DIGHKEKAERE LIEE DL,
FEEOMBE BT L 25, HBHRE i
TCMO. 49, BDCMO. 64, DBCMO. 35, TBMO. 59,
TTHMO. 48 & I o 720

BAMIOWTIE, TCM BE S oW E iz~
TRERMBEZRLALZIENS, TCM . KB
EATRNC— I RA IR R E B X DR ARD
HbHLEZLN, TCMIEEDOFYE, HoE
EBIT0.2ug/m*THY, BEENFELYTI LD
RIS EOEEDFERAFIMET= 4
v IHRERR (363HE) DOFIEO. 23 1 g/m’ L

ZIZEFEDOETH o 727,
3.4 SERBEEFAERRPRECS A 3
i

FUNBRAY Y OBRBERFOREICKE LR
BEERBHEMHLLTE, MADEE, Yy 7 —
OEROEE., REHES X OIGEK g%
RbNbB, TDD, FHEOEVIZESE YD
AT OREERILB Lz, 28, BkEKh DM
BEOREBeHRTO, [BZRFORE (ng/m®)/
TP ORE (pe/L)] (BT, [REHiE
FEOMKFREL] L\v),) 2EHLAETR
L7,

360

o
300 beeeer - O -eeen _
260 breeeerersicenncibireiimiianaa] -
"g 200 4
B O
B 450 Q Qo]

100 5 ~8

i -

0 - - T R el [P S — S
TCM BDCM DBCM TBM TTHM

Bl-4 wEEERFOMIN DAY VRE
H) HoXRROBERRR-ILFLTH S,

(7))

MINDASY Y OETHEBT, BRKAHE. TY
B, HREE b, BRLL (208) OFIEE
HY (108) L hREBMELRL, PRETLT
~3.3MEDEE B o720 TTHM OZEEHIEE DI
R IIE, B L2%8.33, 8 b $53.94
THolze BEDORTFRE DI KFIRE LI,
BDCM LA, RS 25 _BE D
WIBADHFVPEBILEDP o2, H-5i% TTHM
BRERLIEODTH S, '

()0 47— ([FHOFEICL 338

Yy I—-RFHLLBEOT—F (1) vy
T—%FERALEPoLBEEOT—% (98) %2 i
BLZEZA, BRAMREOMKFRELICHE
BEE o1,

(REOEEC L 3EL

REVEIHE (158) »AREHESE (151 »
DFEVIZLBEERPDO MY NT XY VOBREDE
WE KD, SiEE L REEEO T - R 1L
L7 2h, BRFIBEOMKPBRELICHE
LTEIX LMo,

3.5 HAEBRBEOHE

FHRERFEEDEER- 1L VRERES
ZHeEREL 20
SRR & (1 g/day) =T X R iR (1 g/L)

35

o
B¢ S T U SO TV P IO SRR TSP PRPT PP
R |
% 25
®
i
& 15
g (
3 10 E
oot
F
5
1
BRRBYOTHM TREALTTHM)

-5 TTHM DHEEZRAIRE O KA E I3
LTErRITTEE
E) FOREOERIIRILFALTH S,



HT0%  $53% (8 906 ) KOE

FHi22. 3

XKIBEE (L/day) «- A-1

WINERIL 1, KIBAGE 2L/ day & L7,

AR TER LR ¥ 7o BE % K-
Lz Tikws e, TCM OBRHBERIT, &K
14,5 g/day, FI9MH6. 07 o g/day, " IAEG. 09
pg/day THY ., TTHM OFRBRERIL. RAE
36.5 u g/day. FIMELT. 7 pg/day, HIHAELT. O
pg/day &7 o072, '

3.6 TABREBEEOHE

EWRHEFBEL D L IFHBRHREE LR L
HEHC R R vz,
[RMBEE (gpg/day) =BINBEX R FRE
(pg/m®) XIPHE (m®/day) x-2
ABEOMNEE (n'/dy)=1HOREE (m°)
XEBEERER (hr)/24 (h/day) - HX-3
BIEZORRE (m®/day) =1 HOWEE (m*)
XEPEZRE (hr)/24 (u/day) H-4
FRHEZOWNEE (m®/day) =1 BOWEE (m*)
XEMEERE (w)/24 (u/day) -5

WIERIE L & L7z, REREE, BEBLUE
rid ) R, EEEeREE L, &
72, 1 BORREIXS mPe L22, 2B, A
BE1IH1IEE L

MINB XY Y OSHBEROHERHMER TR-21C
RY o TCM O REIIW 4. 73 4 g/day, BB
0.367 y g/day. FE[H4.86 x g/day. £NLHDEFE
12,7 g/day TH Y, TTHM O REEITEE
11.8 u g/day, H 0. 697 u g/day, FER9. 40
pg/day. IO DEFHELS. 3 g/day Tdh o726
B, ZRHOREZEVD OO, FERHS
Bwicw, BHEEL L CRERLAE (TCM O
BE) HAWITEWE (TTHM O#E) 2RL
7oo 12720 RHEOZET FRE ORE SRS
BOHHNRESHIT BT &b bBME P12~
5B T 0727280, BROFEFETHAITEDORE
BLIEELLWREYND 5,

3.7 BEBREEOHET

EWREERL D LICREBZEE 2T L7,
IRERDTRBICNE LT 5A0{LEWE O
FREZLZROLEHN L L CiE, KED
EPAY PR 2R LTV 5,
e < F 72T =t* DA

F-2 MUNDAY VOSTHBEE (ug/day)

HE BER KB EHE il
HBE 30.0 8.15 4,73
=i 3.33 0.698 0.367
TCM
B 17.5 6.86 4,86
&5 45,3 15.7 12.7
we 19.0 5. 69 3.51
y=oit 2.32 0.475 0.179
BDCM
B 12.2 3.97 2.55
A5t 25.7 10.1 8.95
e 11.9 3.28 3.00
A 2.36 0. 266 0.119
DBCM
B 7.80 . 2.40 1.75
&F 19.7 5.94 4.54
BE 2,92 0.605 0.308
AET 0.745 0. 0782 0.0388
TBM -
EE 2.12 0.675 0.519
&8 5.08 1.36 0.893
B 58,0 17.5 11.8
=y 7.38 1.52 0.697
TTHM
E 35.8 13.8 9,40
&5 92.9 32.8 28.3

toen DDA
DAuwen =FA XK, X Cy X ((taen/ (14+B)) +2 7 quen X
((1+3B+3B2%)/ (14+B)?) «ee _-T7
B=KpX (MW)"?/2, 6+ 3-8
DAuen . BALTAEY 72 D) OBREE (mg/cm?)
FA I (—)
K, : BEEAFRE (em/hr)
Cy . KHIBE (mg/em’) -
Teom ' 77 %44 (hr)
teeen  VREERGE ()
D EERBIGET HRH (hr) =2.4 7 qu
B HERBOEBREOEX-ELREDERG
BT AR (—)
MW . 5FE (g/mole)
FEREE (mg) =SAXDAwwm" -9 |
SA | AEEHE (cm®)

(8)



‘ TAHRT & O KT H OV 1oGEK D

%79% $3% (8 906 B) NUAT A S Y ORTER LKA 5RO IS A TR TR T e A
HREEH (SA) 1E. RICRT DuBois X CTHEH 4, NEERAEICEDICARBOMBREIC L B8
L7 BEOHE
HREE (SA) (em’) =T71,82XHE™ (cm) 4.1 BRICLZEEENHE
XAEE® (kg) - A-10 BEOBIUC X 5BBOTIEIE, ERTE, )
HhB. FEROI0%HEHEARD LY v 77— Aﬁ%ﬁﬁ%%wzuewm@ﬁﬁm\ il
KICBoTWB DL L, HEEBEES L U5 R ORI S SREARIC L 2 EERE, %

7y A nd, Xu® P L EY A, FA R
1& L7

ERRAZT BT 2H B 5 EIX150cm 751 5
179cm DFEFETH 1), EEIL49kg B 5 85kg D&l
ETHY, ﬁ%ﬁ’% v 14, 300cm? 2 5 19, 600c
m:ORFETH o720 TCM DERGEREL. &KX
819. 3y g/day. FINET. 52 1 g/day, FHHL{ET. 27
pg/day TH Y, TTHM OREBREEIL, BAHE
61.8 u g/day, F¥ME22. 1 u g/day, wHL{EIS. 2
png/day TH o720

@ﬁ@&ﬁn%wam%mm#v 7y hISA
Tv MHRICL BERRELER L. T2, B
RATIE, @FE 7~ 99X T, 1MEBIChYE
FEEIHM. BEFICIYEEDO TCM B E
EFEOPELEMN L7, Miyahara ' {3, 13764
DRHEFORFHHDO TCM &2 54 L. TCM 2°
ETOEMP SRS, BRERE L TR
ETRICBITAREEZEE T M) v 20 HERE
AbNBEZ ERRELTWES,
BEARIZIYEFORBHRO M) oty
DB FHIE LA, FRAEMEoRc, &
H () B2EToILcky, PUAT RS

VOBBEFEREENTWS, R-3ICFLOE
®-3 BESRCLIIETD NI DY VOFE
- K 2%
W WEE, e HIORE (1 g/day)
TCM BDCM DBCM TBM
S 3 EfE~ 130 35 - QELORAME 108
BEAED B, SEET~ UK | THE GER - UK) ofkKE 29
HILIX 3 1% 3 H 1 ST () OFHE | 6.5
BRIGIETH "RE 178.38
ENSE | 2L A AT SEHY 45.4
ERSE]LA N | 1.9 2.6 0.8
EEHSD | ETHHIRE I 1.1 0.6 0.2
3 BT EIE 1.0 0.4 0.2
‘_‘}Zfﬁsfﬁnﬁ"-IZH %j‘\'ﬂﬁ 8. 14 1.61 0.46 S
ST | AR b REOERG EiE 6.73 0.84 0.2
S BH P 6.17 0.71 0.15 0.27
T2 A A 3.4 | 232 | L7
WEsY | EHREFI A SEHE 6.51 1.07 0.70
AR 7 B STEE 4.99 0.94 0.50
S 2 4R~ 5 4N Rt 46.58 | 3.53 | 145 | 0.48
BR6Y | 4, KEFFA3HE SEHE 7.54 1.2 0.45 0.19
Hit3 HE ST EE) OTIYE | 6.11 | 0.93 | 038 | 008

(9)



£79% £3% (£ 906 %) b/ ST S

& M T22, 3

BE iz, BEEORAEH/RICLL L, TR
SEEISERIEE T TOERREEMDO TCM
OEE (FHKEREED.) KX BREE (F
HifE) ORAMEII29 pg/day (PR3 FRE, U
)., A - BERALORKMEIXL08 4 g/day (A
12460, ALIETT) Th Y. 1LFEHOBERERMTE
Yl OFIEIL6. 5 u g/day TdH o720

<=4y MR Ty FEROWEERTIE, B
H oW H1988EDERBOSTIL, BEEL
L Ti& TCM32. 5 ¢ g/day. BDCM3. 8 u g/day.
DBCMO. 6 x g/day. @9 BIKEKDED HEE
% TCM51. 7%, BDCMS87.6% ., DBCMS80.3% &
BELTWA, WL, 198940 5 19934 DOF
EREENL, HGEKD LD BEHEE TCM50%,
BDCM 3 & U DBCM90% & #ti5 LT\ b,
Miyahara '9 OFEIT BT TCM P S
7ZRRER O RES P OFHIREI LT, BRE
EBRL (BEEREE) SroBbhiEBREDT—
¥ EETEDERBELED LHERERATR
To 13EMD S DBEBEEDOERHIFEY T2.56 4 g/
day & 72 572,

4.2 KRBERICLIBRBEOHE
KREAFLDIRITICOWTIL, KEFL kI
HOXEDB LA LAEFRICBWTTCM 24
UHERTBEEMEORTERE=F ) ¥ 7 HYT
bh Ty, BEE, EEOKRKFO TCM RE
oW TE YT EDLRBEFBEEILHESN
TWaAH™, 1 H24BMBRE L HEe. JHBREE
FER O EFEPLVIEEOEEFHTL. 54 ug/
day & oz, Fio, WKRIETIIG86 pg/day & %o
YA

T/, AEOEMAETCHE S NBICB
B RUNTRY L REORILEE B VT 248 B
ELEHEAORMBREEL RO L L, TCM3. 33
u g/day, BDCMO. 21 4 g/day, DBCMO. 21 u g
/day. TBMO. 42y g/day. THHM4. 38 u g/day &
Totze

4.3 T=IKEB L UCARBIEORBEZEDHE
FFIE 5™ 13, PRIIEEICRESB L RER D74
B D7 — VOB T 2 ERRELEHEL T
BY, ZORT, KFOMYNT XY OREH
EET-oTn5h, AELY b, REOEBAT— N
DRBLUPLRGKHRO I NTAY v ORENE%

®-4 AGPO TCM RED GHEFT L BREE

. AT | IR | KROTRE | BRI | R ERKA
(pg/kg) | (pe/ke) (kg/day) (u g/day) ( pt g/duay)

Lo L 153.7 320 0.0060™ % | 0,923 1.92
a-5 29 41 0.0219% 0.635 0.898
Ny — 27.4 37 0. 001# 0.0274 0.037
<—HY v 27.4 32 0. 00152 0.0411 0.048
$5 2.54 1 0. 106 0.270 .17
b 1.4 1.5 0.0033% 0. 00462 0. 00495
OES 1.2 8.2 0.0107% 0.0134 0.0877
* 0.10 2 0. 158% 0.0158 0.315
FLEk 4.16 29 0.0266* {0,111 0.772
FARLY =4 4.96 27 0.00266® * | 0,0132 0.0717
Fl—va—sLh|2.17 5.1 0.0202%= | 0.0438 0.103
IE 11.4 36 0.0386% 0. 440 1.39
FAAINY 8.2 26 0.00260° ™ | 0.0213 0.0675
&8t 2.56 - 7.56

1) BRI Miyahara b O F - ¥ 2k B, EREERE (EEHHE)” wowTid, £okH
OF— s BBONLERIZEORTER LA L
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B79% 35 (£ 906 %)

I o)
&L HAFSEOFEM

> AGER H
A0t A, TR BRI A TR

Eii L7z, 72 BIELY WEHIRROBEHAKE
SUEERDNINTRAY VOREET-oTWAD,
BE OGP, SERISE 2 BICEFHNOERE
BN 7 — V2K BWT, T—IvK, FEKDK
HK, BREER (THEOAR) ZHEL, UM
Ay VERRUELL, BRERFHDREILON
Tid, TCM &, BAfE281.9 1 g/m®, FAgL{E82. 8
pg/m®. DBCM &, HRAME6.1ug/m®, HRME
0.3ug/m*ThHolzy AR—YIA4 7T HR
B s, O 1EBICRIKET o2 [EEE D -
2210 NDFEHER L (44. 33E/4) BLO1
Bl 7= ) OFEFEEER (74,405 /R) Z#iT4abd
b, BR7—VIHIRICBOAEMBERE, B

EORKEE & b & TCMS. 56 4 g/day, DBCM

0.185p g/day, EOHIREL & 5 & TCM2. 51
p g/day, DBCMO. 009 i g/day & 72 o 72, |

BiES® OF—% #HWT, 3. TR LFE
& D AR ORRBRHZE T 5 &, KPR
EORKEL L5 E, TCM110 ¢« g/day, BDCM
4.84 y g/day, DBCM2, 32z g/day. TBM3.93 g/
day, KHIBEDOHREL L 5L, TCMI3.3ug/
day. BDCMO. 88 i g/day. DBCMO. 29 x g/day.
TBMO. 39 p g/day & 72 o720

B E, HEREFKE LIARES (B
BAISAEER) 6 EFTICBWT, BRABIUR
HOBRRIZEINDL FUNTE A Y Y ERE L.
BRI O TTHM iR B IS, TARAE243. 1 4 g/L
FOLfE33. 34 g/L TH Y, BHERF O TTHM
IR, RORME290 1 g/m®, HFHES). 1y g/m®,
TCM B EII R ARMBE270 4 g/m* TH o7z AGEH
MZE305ETAHE, TCM OEHBERIL. &K
1884, 4 y g/day, WRAE16.6ug/day, ERIBEHEE
&, RKME615 x g/day, HILMES4. 1 4 g/day & iff
fanie,

B, ARERIATFROMER EOPIE
TdH 517, 300cm? % v 7z,

5. BRREDIME

5.1 fHMEA®

BEOBE L ABERFHET 5 %L LT,
TEREIC & o TR, WINE, T FRA Y M
R b eht, SEMEORMEFMERICED
WBBEBHMASE A ONE, LALLM, &R

MENAT > BB AT ECHET 2R
0B UL TCM K DWT, EORE & SR
FZOB—HARE L IR U ORI RIRE TR
HIRRAT VS OFEZELRBMAALNTBY | &K
FOFHED H» TR E L B/MRIED 575
HAH 5,

ZOZEhD, HEREOBRENDLHEDOR
BEEOFHiiL LT, BEREICHAICEMET % &
hiC, BEEOREEL R LADETEHEL,
SERBERIGTLHAB L UKEKDEFS RO
fli %47 > 72,

5.2 RIEEOFME

(1 iR CPREE

DOAEO P UNT XY IR B KERG HE S
BRETAHEORIE o THWARE—BIENE
(TDD) ¥, TCM12.9 p g/kg/day. BDCM6.1 p g/
kg/day, DBCMZ1 y g/kg/day. TBMI17.9 p g/kg/
day THH P, INd2EEkg THRETS L,
TCM645 i g/day, BDCM305 p g/day. DBCM1050
pg/day, TBM895 ug/day & %25, SEFAEEIT -
723080 — R EROBKABGERORKMEIL,
TCM14.5 p g/day. BDCM15. 8 1 g/day, DBCM
8.34 y g/day. TBMT7.65y g/day TdH Y, TDI
LB B E AL, TCM2. 2%, BDCMS5. 2%,
DBCM0.8% ., TBM0.9% CTdH o7z, L L&D
5, AERE LT o IR 2E I A NUTAGE
HKED N YT XS VRN AR IR TS
DU RYNAT RS VIREOE WIS TIIKEE
BADOTHLREBYLELEZ b, T, &
HICXAROBEEL AL L, TCM THI100 4 g/
day %R A HEVD VEBPLELEZ LN,

()RR E

TCM O AR TEOF ROV T, B
BOHREEFRZ B THRETO, B
EBROERPO18 pg/m* PHEEHE L S/ 9,
1 BOMFREZI5M® &1 5 &, HEEICHY T
21 OBRERII20ug/day LoD, &
B 1T o 72308 F O — RIS B 2 5ARR S
BEORAKMEIT, TCM45. 34 g/day TH Y, $REHE
HYEDIE.8% TH oz, 2L, BRIOIBE LR
BCKERPO DY NT XY VREOBHIET
WKEER~NOTDRREIVELE L bR,
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#70% 35 (8 906 5) /S B )

& M & Fri22, 3

7z, AREHTIE84.4 pg/day, REFFHRIC K
HBBEETIE, BENTIED LI EFIHE TE85
pg/day \CETHNEDGD Y, BEVLELEZ
bz,
(HERZIRTE
SERE LT 2 7230 O— R ER IS BT 5 A%
WL AREBRZEORKMEIR, TCMI19. 3 4 g/day,
BDCM1b. 3 4 g/day. DBCMI5. 6 p g/day. TBM
20.2pg/day THolzo T, XEORERHRS
LFHT A E, BREBRZEORKMEIE. 7— VK
TIE, TCMI110 4 g/day. BDCMA4. 84 1 g/day,
DBCM2. 32 y g/day, TBMS. 93 y g/day., NHES
DAETIE, TCM615 4 g/day (Z3E L7z, FRREHY
IR AIC IR S R S O RIAR SR OR B &
UL LEOBRZELRAL DI 2 Y TED 5
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ABSTRACT

The estrogenic effect of endocrine disrupting chemicals (EDCs) in chiorinated water was investigated by a
bioassay using human breast tumor cells. Coagulation and activated carbon treatment decreased the
estrogenic effect of Lake Biwa water, but chlorination increased the estrogenic effect of Lake Biwa water and
treated waters, It should be emphasized that this phenomenon is similar to the formation of trihalomethanes
(THMSs) during the water treatment process: bécause natural organic matters (NOMs) are major precursors
for both the estrogenic effect and THMS. It was found that organic matters of which the estrogenic effect in-
creases or decreases after chlorination are present in natural water, The detection of the increase or decrease
upon chlorination is dependent on the sample preparation procedure. The estrogenic effect of the chlorinated
water increased even without the presence of residual chiorine. The components, which are called the
“estrogenic effect formation potential” and the “estrogenic effect intermediates™, are defined in a chiorinated
humic acid solution. The formation of these components is similar to the process for THM formation.
Therefore, NOMs in addition to suspected EDCs should be removed before chlorination.

Keywerds: Chlorination, Disinfection by-products, Endocrine disrupting chemicals, Estrogenic cffect,
Reproductive/developmental toxicity, MVLN assay.

INTRODUCTION

Chlorination of drinking water forms by-products
such as trihalomethancs (THMs) during the inactivation
of microorganisius by the reaction of chlorine with natu-
rally eccurring organic matter in the source water. Many
epidemiology studies have been carried out to investigate
the possible associalion between exposure to these by-
products and incidence of human cancer (Zavaleta efal.,
1999; Villanueva ef al., 2001; Richardson ef al,, 2007).
Results from these studies suggest there may be a
slightly increased risk of bladder, ¢olon, and rectal can-
cer after a long-term exposure to chlorinated drinking
water. It has been also pointed out that there is.insuffi-
cient evidence to associate a cancer risk with the con-
sumption of chiorinated drinking water.

The potential risk of endocrine disrupting chemicals
(EDCs) has been given the greatest attention from the
public since the late 1990s. Thus, much of concern has
focused on the possibility of adverse reproductive and
developmental effects .associated with disinfection by-
products (DBPs) in addition to their carcinogenicity.

Hundreds. of compounds ate currently listed as sus-
pected EDCs. However, the final report of the Endocrine
Disruptor Screening and Testing Advisory Committee
(EDSTAC, 1998) has recommended that in addition to
these single compounds, six kinds of mixtures be sub-
jected to the assays to evaluate their potential for endo-
crine disruption, One of these mixtures includes DBPs in
drinking water,

A number of epidemiology studies have been
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conducted to examine the relationship between adverse
reproductive and developmental outcomes with an expo-
sure to chlorinated drinking water (Zavaleta ef al,, 1999;
Nieuwenhuijsen ef al, 2000). Much attention was paid
to the results of the study conducted by Waller ef ol.
(1998) which have shown that the relative tisk of an
early-term miscarriage increased in the women with high
exposures to total THMs. Some reviews (International
Programme on Chemical Safety, 1998; Zavaleta ef al,
1999; Nieuwenhuijsen ef al, 2000) have suggested that
adverse outcomies such as spontaneous abortion, siill-
birth, birth defects and so on may be associated with
THMSs and chlorination byproducts, and more research is
required since no associations were reported in other
studies.

Thus, it is important to measure the estrogenic ef-
fect of natural water and the estrogenic effect of
chlorination by-products in addition to suspected EDCs
and to develop a water treatiment process to decrease the
estrogenic effect in drinking water. The purpose of this
study is to investigate the characleristics of the
estrogenic effect formed by chiorination focusing on
chlorination by-products and to compare the formation
processes between the estrogenic effect and THMs.

MATERIALS AND METHODS

Concentration of Lake Biwa Water

Lake Biwa is the largest lake in Japan and is the
major water source for 14 million people in the Kansai
area in Japan. The organic matters in Lake Biwa were
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concentrated by the adsorption and desorption method
using XAD7HP (Organo Corporation) and OASIS HLB
(Nihon Waters K.K.) resins. The XAD7HP resin was
used to isolate and concentrate humic substances, while
the OASIS HLB resin was used to concentrate trace or-
ganic compounds in the water.

6L of Lake Biwa water filtered with a 0.45 yum
membrane filter, which had a dissolved organic carbon
(DOC) of 1.8mg/l, was concentrated using the
XADTHP resin according to an isolation procedure for
aquatic humic substances (Thurman and Malcolm,
1981). The adsorbed substances were desorbed by 0,1 M
NaOH. The concentration factor was 230 times with a re-
covery of 27 %. Consequently, the DOC of coucentrated
water was 110 mg/L.

I L of filtered Lake Biwa water was also concen-
trated using a cartridge packed with 2 mL. of OASIS
HLB. Sample water adjusted at pH 2 was fed into the
cartridge at a flow rate of 50 mL/min, The ddsorbed sub-
stances were desorbed by 1 mL dichloromethane. After
the dichloromethane was evaporated with nitrogen gas,
the residue was dissolved with ethyl alcohol. Since it was
confirmed that ethyl alcohol did not influence the MVLN
assay up to a concentration of 1% in the culture media,
the ratio of an added sample to the media was less than
1 %.

Filtered Lake Biwa water was chlorinated at an ini-
tial concentration of 1.0 mg/L. The residual chlorine and
total organic halide (TOX) after 24 hours were approxi-
mately 0.1 mg/L and 110 pg/L, respectively. Chlorinated
water was concentrated by the -same procedure used for
raw water. It is supposed (hat humic substances and their
chlorination by-products are recovered by the extraction
using the XAD7HP resin and NaOH. Individual com-
pounds and their by-products are supposed to be recov-
ered by the extraction using the OASIS HLB resin and
dichloromethane (Itoh ef al., 2003a). The chlorinated
water was not dechlorinated so as not to change the
estrogenic effect. It was confirmed that residual chlorine
did not influence the MVLN assay.

Coagulation and Activated Carbon Treatment

Lake Biwa water was coagulated using 20 mg/L of
polyaluminum chloride (PAC). Rapid mixing and slow
mixing were conducted for 1 min and 15 min, respec-
tively, in a' 1 L beaker, After standing for 15 min, the su-
pernatant  was obtained by a siphon. Afer the

coagulation, activated carbon adsorption was performed.

using granular activated carbon (Calgon Far East Co.
Litd.,, F400). The upflow activated carbon column (18
mm i. d) was 1.12'm long, The detention time in the
column at d flow rate of 40 mL/min was 7.1 ‘minutes,
Treated walers were.also clilorinated at an initial concen-
tration of 1.0 mg/L for 24 hours,

Sample waters after the coagulation and activated
carbon adsorption and chlorinated waters were concen-
trated using the XADTHP resin and NaOH to exfract
bumic substances and their chlorination by-products.
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Chlorination of Humic Acid

Commercial humic acid (Wako Pure Chemical -
Industries, Ltd.) was used as a model substrate in water,
The total organic carbon (TOC) of the humic acid solu-
tion was 1030 mg/L. Chlorination was performed by
adding the desired amount of sodium hypochlorite solu-
tion {Wako Pure Chemical Industrics, Ltd.). First, the
humic acid solution in a 200 mM phosphate buffer at an
initial pH of 6.0 was treated with 1500 mg-Cl/L of chlo-
rine, This experiment carried out using conunercial
humic acid at a high TOC concentration and a high con-
centration of chlorine is for examining the fundamental
characteristics of the cstrogenic effect in chlorinated
water, and it does not intend to estimate the change in ac-
tual drivking water. Chlorination proceeded in a dark
room for 72 hours, after which trace of residual chlorine
(less than 0.05 mg-Cl/L) was detected. The chlorinated
water was not dechlorinated. It was confirmed that chlo-
rine did not influence the MVLN assay up to a concen-
tration of 30 mg-Cly/L in the culture media, which means
residual chlorine up to a concentration of 300 mg-Cl/L
in a sample solution did not influence the assay since
substances in a solution were diluted to one tenth in the
media.

The hydrolysis effect of chlorinated water was ex~
amined to investigate the characteristics of the estiogenic
effect in chlorinated water. The pH of the chlorinated
humic acid solution was readjusted and then the solution
stood at 20°C over a pH range of 7-10. Finally, the
estrogenic effect was measured, pH adjustment in ‘this
experiment is for examining the effect of hydrolysis, and
it does not intend the operation in actual water treatment
process,

The MVLN Assay

EDSTAC has recommended the MVLN assay to
‘screen compounds or mixtures which have estrogenic ef-
fects. This assay utilizes an MCF-7 derivative that has
been stably transfected with the Vit-Luc reporter gene
(Pons ef al,, 1990). Thus, the MVLN cell line expresses
the endogenous cstrogen receptor of MCF-7 and simulta-
neously contains an exogenous csirogen responsive re-
porter (luciferase). Therefore, the estrogen specific
transcription activity of a test chemical is directly related
to the luciferase activity measured in the lysate of treated
MVLN cells,

In this study, we used the MVLN assay to measure
the estrogenic effect. The MVLN cell line (Pons ef al.,
1990) was obtained from the L’Institut National de la
Saunte ¢t de la Recherche Medicale (INSERM) in Paris,
France. For routine maintenance, the cells were grown in
Dulbeco’s modified Eagle’s medium (DMEM, Gibeo
BRL Life Technologies, Inc.) supplemented with 10 %
fetal bovine serum (FBS, Gibco BRL Life Technologies,
Inc.) at 37°C in an atmosphere of 5% C0./95 % air
under saturating humidity,

MVLN cells used in the assay were withdrawn from
cstrogen 6 days prior to passage. Cells giown in the
DMEM/10 % FBS medium were collected, washed three
times with PBS, and resuspended and cultured in the



