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Table 1 Tt values of each diluted sample in the RT-LAMP assay.
RNA concentration* (oocysts/LAMP test tube)
6x10" 6x10° 6x10® 6x10*
220 23.7 275 41.8
220 24.1 25.2 42.3
223 244 282 420
Tt value (min) 223 24.0 287 333
22.1 246 285 50.4
222 246 26.3 354
222 242 282 31.2
222 24.3 275 50.4
Average (min) 222 24.2 215 414
Coefficient of variation (%) 05 1.3 44 16.8

*RNA concentration was converted to oocyst concentration in a LAMP test tube.
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Table 2 Detection results for Cryptosporidium oocysts in pigsty effluents and it's downstream river water by
conventional microscopic observation, original RT-LAMP and improved RT-LAMP

Sample Date of sample Sampling Water  Water Microscopic observation Original Improved
No. collection site type  volume  (number of cocysts) RT-LAMP" RT-LAMP™
1 08Jan.2008 Pigsty Al PE™ 5ml 10 =" +%
2 Pigsty A2 PE 5mi 10 -
3 Pigsty A3 PE Smi 10 -
4 Pigsty A4 PE 5mi 10 - -
5 Pigsty A5 PE 5mi 10 -
6 Pigsty Bl PE 5mi 7 +
7 Pigsty B2 PE 5m! 7 + -
8 Pigsty B3 PE Smd 7 + +
9 Pigsty B4 PE 5mi 7 + +
10 Pigsty B5 PE 5mi 7 + +
11 27Feb.2008 S-1 RW™ 5172 2 + +
12 5-2 RW 5112 2 - +
13 N RW 5 1 - -
14 K-1 RW 5172 45 -
15 K-2 RW 5l/2 45 -
16 09Feb.2009 5-1 RW 10172 0.5 - -~
17 s-2 RW 1012 05 - +
187 12Mar.2009 K-1 RW 1014 133 - +
197 900 K-2 RW 100/4 133 - +
20" K-3 RW 100/4 133 - +
217 K-4 RW 101/4 133 - +
227 12Mar2009  K-1 RW . 1012 200 + +
237 12:00 K-2 RW 1012 200 - -
24" 12Mar.2009 K-1 RW 1042 55 - +
257 1500 K-2 RW 104/2 55 - -
26 07Apr.2009 K RW 10 3 - +
Number of total samples (including divided samples) 18 (26)

Number of positive samples (including divided samples)
Positive rate (including divided saraples) (%)

- 7 15 (20)
- 38.9 (26.9) 83.3 (76.9)

*1 Original RT-LAMP assay was performed using Sul of Cryptosporidium RNA extract.
*2 Improved RT-LAMP assay was performed using lu! of Cryptosporidium RNA extract.
*3 PE : pigsty effluent
¥4 RW : river water
*5 - : negative

*6 + : positive

*7 Cryptosporidium RNA was extracted after 1 month conservation at 4T .
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Table 3 Detection resuits for Cryptosporidium oocysts in surface water by conventional microscopic
observation, original RT-LAMP and improved RT-LAMP

Sample Date of sample  Sampling Water Microscopic observation Original Improved
No. collection site volume {number of cocysts) RT-LAMP" RT-LAMP®

1 010ct.2008 0CO0-1 10(/3 0 +°

2 0C0o-2 1013 0 +

3 0C0-3 10173 0 - -
4 OHO-1 10i/2 0 - -
5 OHO-2 1012 0 - -
6 080ct.2008 MT 10i 0 - +
7 OHK 10 0 - -
8 OHM 100 0 - -
9 00G 10 0 - -
10 090ct.2008 AM 10 0 - -
11 HO 100 0 - -
12 TK 106 0 - -
13 OHM 10 0 - -
14 ooT 10 0 - -
15 0TS 10 0 - -
16 ONP 100 0 - -
17 04Nov.2008 HIK 100 0 - -
18 HIM 10 0 - -
19 26Nov.2008 IKN 10 0 + +
20 [JH 100 0 + -
21 IYR 100 1 + +
22 01Dic.2008 YRS 10 0 + +
23 YR1,2 100 0 + +
24 YR3 100 1 + +
25 YR4 101 0 - -
26 IDY 10t 0 - -
27 27Jan.2009 INY 10t 0 - -
28 ITN 100 0 - -
29 24Feb.2009 KN 10! 1 + +
30 25May 2009 IKN-1 10173 0 - -
31 IKN-2 10i/3 0 - -
32 IKN-3 1013 0 - -
33 10Jun.2009 IKN-1 10i/2 0 - -
34 [KN-2 10i/2 0 - -
35 070c¢t.2009 AM 100 0 - -
36 140c¢t.2009 MT 100 0 - -
37 150¢t.2009 HO 10/ 0 - -
38 200ct.2009 0CO 101 0 - -
39 OHO 100 0 + +
40 00T 10/ 0 - -
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Sample Date of sample  Sampling Water Microscopic observation Original Improved
No. collection site volume {number of oocysts) RT-LAMP" RT-LAMP®
41 0TS 10! 0 - -

42 ONP 100 0 - -

43 290ct.2009 TK 10¢ 0 - -

44 04Nov.2009 HIK 100 0 - -

45 HIM 10¢ 0 - -

46 10Nov.2009 OHK 104 0 - -

47 OHM 101 0 - -

48 00G 101 0 - -

49 IKN 101 1 -

50 09Feb.2010 IKN 10 0 -
Number of total samples (including divided samples) 44 (50)
Nurnber of positive samples (including divided samples) 4 (4 9 (1 1 12
Positive rate (including divided samples) (%) 9.1 (8.0) 205 (20.0) 25.0 (24.0)

*] Original RT-LAMP assay was performed using 5ul of Cryptosporidium RNA extract.
*2 Improved RT-LAMP assay was performed using 1ui of Cryptosporidium RNA extract.

*3+ : positive
*4 — : negative
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B TH otz DA RT-LAMPRBEETER o/ &
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Table 4 Detection results for Cryptosporidium oocysts in finished water, spring water, shaliow well water and
river-bed water by conventional microscopic observation, original RT-LAMP and improved RT-LAMP

Sample Date of sample Sampling  Water Water  Microscopic observation Original Improved

No. collection site type volume  (number of oocysts) RT-LAMP" RT-LAMP”
1 01Dic.2008 YRS FwW"* 201 0 -7 -
2 24Feb.2009 HBT FW 201 0 - -
3 OKD FW 20 0 - -
4 SEY FW 201 0 - -
5 23Aug. 2009 HBT FwW 201 0 - -
6 OKD FW 20 0 - -
7 SEY FwW 20L 0 - -
8 01Dic.2009 OKD FW 201 0 - -
9 SEY FW 20 0 - -
10 YMZ FW 200 0 - -
i1 09Feb.2010 HBT FW 20! 0 - -
12 OKD FW 20! 0 - -
13 SEY FwW 20t 0 - -
14 150¢t.2008 BRW Sp™ 10 0 - -
15 SNT Sp 10 0 - -
16 0GG SP 104 0 - -
17 220¢t.2008 SND SP 10L 0 - -
18 140¢t.2009 SNT SP 10t 0 - -
19 NKN SP 101 0 - -
20 BRW SP 10t 0 - -
21 150¢t.2009 OGG SP 10 0 - -
22 21 Oct.2009 SND SP 10! 0 - -
23 09Dic.2008 OH1 SW* 101 0 - -
24 OH2 SwW 101 0 - -
25 24Feb2009 OH1 SwW 101 0 - -
26 OH2 Sw 100 0 - -
27 01Dic.2008 AMZ RB® 10 0 - -
Number of total samples 27
Number of positive samples 0 0 0
Positive rate (%) 0 0 0

: Original RT-LAMP assay was performed using 5ul of Cryptosporidium RNA extract.
.a Improved RT-LAMP assay was performed using 1ul of Cryptosporidium RNA extract.
FW : Finished water
: SP : Spring water
- SW : Shallow well water
RB : River-bed water
7 — : negative
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Fig. 1 Analysis of original RT-LAMP products of positive
samples by agarose gel electrophoresis.

: 100bp DNA ladder

: Positive control for LAMP reaction®
: Positive control for electrophoresis®
: Table 3 Sample No.1

: Table 3 Sample No. 2

: Table 3 Sample No.19

. Table 3 Sample No.20

: Table 3 Sample No.21

. Table 3 Sample No.22

: Table 3 Sample No.23

10 : Table 3 Sample No.24

11 : Table 2 Sample No.6

12 : Table 2 Sample No.7

13 : Table 2 Sample No.8

14 : Table 2 Sample No.9

15 : Table 2 Sample No.10

16 : Table 2 Sample No.11
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sPositive control for the RT-LAMP assay made of RNA
with an artificial sequence. The electrophoretic pattern
of this positive control was different from that of
Cryptosporidium parvum oocysts. If the electrophoretic
pattern of samples was the same as lane 1, it was an
evidence of contamination by the positive control.

*Positive control for electrophoresis which derives from
nucleic acid of Cryptosporidium parvum oocysts. This
positive control was not used in LAMP reactions.

LAMP G Tdh o7z T ORBEE DG, RNAHHHE20
Pl DFERRNATE 1yl T 14— A M HHMRITTAE & HI BT
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2) RT-LAMPSE &Fikid, RE L - BIRRHEKRIEAK, £
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Mo lze BFRHHEAKBRAKRL EOTFHOMIAD & 512

HEMECEZEZ ONLRETIT. RETERICSEIL.
FNENOEBIZ OV TRT-LAMPREE* E/MT 5 =

ET. BUREBODLIEDNTETH 72,

Fig. 2 Analysis of improved RT-LAMP products of
positive samples by agarose gel electrophoresis.

: 100bp DNA ladder

: Positive control for LAMP reaction?
: Positive control for electrophoresis®
: Table 2 Sample No.1

. Table 2 Sample No.2

: Table 2 Sample No.3

: Table 2 Sample No.9

: Table 2 Sample No.10

: Table 2 Sample No.11

: Table 2 Sample No.12

10 : Table 2 Sample No.17

11 : Table 2 Sample No.22

12 : Table 3 Sample No.19

13 : Table 3 Sample No.29

14 : Table 3 Sample No.39

15 : Table 3 Sample No.50

OCO~NOAWN=2Z

*Positive control for the RT-LAMP assay made of RNA
with an artificial sequence. The electrophoretic pattern
of this positive control was different from that of
Cryptosporidium parvum oocysts. If the electrophoretic
pattern of samples was the same as lane 1, it was an
evidence of contamination by the positive control

*Positive control for electrophoresis which derives from
nucleic acid of Cryptosporidium parvum oocysts. This
positive control was not used in LAMP reactions.
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High-Sensitive Quantification of Cryptosporidium in River Water Samples Using a Real-time
Reverse Transcription-Polymerase Chain Reaction
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Abstract

Real-time reverse transcription-polymerase chain reaction (RT-PCR) was applied to the
detection of Cryptosporidium cocysts. Firstly, the sensitivity and specificity of three primer
pairs were compared, and the primer pair reported by Miller et al. (2006) was considered
to be the most suitable one. Secondly, a reverse transcription reaction was added to the
real-time PCR assay for increase in sensitivity. The real-time RT-PCR assay revealed that
one oocyst contains the 27,400 copies of rRNA, and the quantification limit of the assay was
as low as 7.5%107* oocysts/test tube, while that of normal real-time PCR assay was as low
as 2.4x107! oocysts/test tube. Therefore, the Cryptosporidium oocysts can theoretically be
detected in reproducible tests using the real-time RT-PCR assay even in water samples
containing only one oocyst. Thirdly, the developed real-time RT-PCR assay was applied to
detect Cryptosporidium oocysts in 14 real river water samples. The concentration was
quantified by the real-time RT-PCR assay, and was correlated to the suspected. value, but
not to the confirmed value, determined by conventional microscopic observation.

Key words: Cryptosporidiosis, Cryptosporidium, oocyst, real-time PCR, real-time RT-PCR
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1. FUSIC

707 PARY T AGEE - BFHDTHRRIZE
KGHLTBY, BLAOBYOHILEICHFEL, £ FIC
BEELTRELSIARITHEREE LTASATWAE"?, &
2. KEROA - 2 MIEKAEBCHV bW BEES
OHEFAR L THVEREEE2 L2013, LTl
KEE AN LA THRENRE LBEE SNTVD. B
L ARHE LK REFRRSIL, 19934 (2K E Wisconsin
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HETH196F IJHERBERNORT R 7 E0 &G L7
EESNAZARBEBELEABRENRE LTV EY, HETIE,
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Hmdid, £EEICBOTHERAE L TERLBEN—
DEhoTwvd, IDLIRER,L. BRKLBOBE.,
BFRREOBEIEER SN T 5,

BfE, /)7 rRARY Ty at— X b (UTF. 4—
TAMEWD)) ORETERE 2o TV E20I3EMER
BETHY. FHIOES BIEESHERERKERS
NEAMESNERBRE" ORI TORAZIA T A, &F
RIIEWROBRICERLEHMEEL, I -HEMERER
F—VAPOHELBWTEAENELABENLEZD
nBZEhs, RECRETETHTEOGELD R L.
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DL LFMEBI-ITREEL LT, BFEELEDT
WHEORBIETFREETH)., FHR2E3HICHESN
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KEEAGERE /)] BV TL, 2T PAKRY
VO LOBREENEBIC LYY, BREFREEOHEAL
DWTHERINTVD, TRETILF -V A INOEEE
WREL T2 TSI A LPCROBRHRIGESRE ST
VBN ERMIZET A REREHNIZE A ERE S
T, /-, EESEOBERARERL D, KBE
FTEHA—Y X FOFEIBRET, 100FbFHh 1o
DF—VAPERBLZTRIEZ O R2VWOT, REOH
EAERTE RV,

FITHEMETIE, YT PARY I AQERHNL:
TEREREMILTAILEZAME L, DI, &
hEITIHBESAPL L3207 F £ APCRARIK
HFOBL, RECHRESORE*1To /. KiZ. BREOD
V7 Nh% 4 LAPCRRICHEE I (RT: Reverse
transcription) Z#EAEHE ) TNV F 4 ART-PCRER

ZRL. CEREOR LERAIz, IRNARKREHRE L
TOEEIRTRISICL 2RER EADH LE#RBRLTH
DY, YUBKETOERERMA . KIS, BELSY
T V% 4 ART-PCREZ KBERRFOF - 2 b i
DREIERH L, FMEBETREE L To0EREL B
THIET, BELIREROERE LML

2. MRBLUFHE
2.1 BH#

AT HITNY L APCRRORERRBL I TV
¥ 4 ART-PCREDRESRERIIZ, B~y 0EMFE L
n &8 L 72 Cryplosporidium parvum+— X b (H8
W) AR, v A0EEY S a ER#EERUEL
IV LRBECIOBERLAE, A -V A MEFYD
B BRAB TR, HFRRAB LT EREDNT -
AMEPOEERTHE L, FRELTH 2, Z0OHHE
iy ANAKER > S OBRHOBOEERE & LT LR
Lo

UT Ny 4 ART-PCREIZ L 2 IIRB S SDF 3
2 b oBEHIZIE, FIRNKROANKSEZ A, F
K21E11 A 3 L L2 ICRBRIIERNB L UFN D 7 #5
EhFE2EM, FURBOMIIAZERL 7z, At
PTFEA Y7L > 7 4 A% —EYIX->T, @lKINE
#910ml X Til#a L 7= 1%, RERRY - ZEICL AR -
BERRIERIT. B0l THREL. BHEREOE
& (#55ul) %) 7% 4 ART-PCRE. RT-LAMP (loop-
mediated isothermal amplification) HE* it L., BH D
PR EMERE IR L,

2.2 HZEmMHAE

TOADEED SHERLA - 2 B LUHNIKER
#a 5 OB (DNAB L URNA) Oz, -80C L&
BTORKEMBL 5 BT, RICEBEESML (S
F o — TPIEMRIRE ¢ 10mM Tris-HCl (tris-hydroxy
methyl-aminomethane, pH7.6 ), 1 mM EDTA (ethylene
diaminetetraacetic acid), 20mM NaCl, 0.1% (wwv)
TritonX-100, 2mM DTT (dithiothreitol), 1.5mAnson-
U/ml Proteinase K). 60C C0FMBBRIC*ITo/2o #
D%k 2B OBERLEL T, S5IIBTCI05HED
EBHRGET>72 T OBBMHK % 95T T 5 7 Mk
L. Proteinase K 2 Ki{E S &/ 1%, KRB Ta2H L.
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2.3 Y7241 LPCRE

AR T, Table 14ZRT 320D T ¥ 4 LPCR
FeREARE L. 794 v—BE. Tu—- TR,
PCREHFOEREMF BRI 22", T UT
V& 4 LPCRER® & L TLightCycler® (Roche) % Fv27=,
HACHMROIULS LAY BEH (Crossing Point : Cp{#) 1.
V754 LPCREBIREBTEY 7 b 72T BVT
Second derivative maximum # ( 2 R TRAMERE) T
AT L7

2.4 Y7Ia1 LRT-PCRZ

FHETIE, BEERIEL ) 7TV Y 1 LPCRIEEEF4
WITI 2AT v TD) TSI 4 ART-PCREER L 7, 3
¥ B RS 12 id, PrimeScript® RT reagent Kit (Perfect
Real Time; Takara) ¥ B\ 72, HEE T 5 4 v — {2
Table 1(Z7RL7-Reverse 774 v —%H\v., lEFz—
TRIREX2 SuMICRE L. H—<AF (55 —%F
WT3TC, 157 OBEERIGY EfEL7:7%, 8T TH5
BHmAL., BErEEsdl, ¥EER0oR I FE
2. 3D) TN A LPCREL AROBRAET, BEFER
7o,

2.5 HBOUTNEA LAPCRRDLERE

320 T4 LAPCRROIEERER I3, HH%2.4
X 107'~2.4 x 10° aocystsftube T T ED EHEAE Rk
BETHAML. SBRERBICOX2ETY7V% 4 ALPCR

HEEERLL. PCRIEIEEYIL, 1.2% 70 —-A58 V%
V- ERREETIC B L

2.6 #—3 X PASOMRNABIZFENOAITESE
LU TIL21 LRT-PCRENDBESZR

A= 2 FAO RNARMETIO 3 ¥ -Hud., Eab
OFBA -V XML, ALSRBETFREERFE L
THIE L. BESHBOATLEREETFII. ENRETF
E2% (Accession No.: AF161856¢)187-378% T) * &K
L (2EF ) ITH—-¥X (K., 447+ 54¥F
(Agilent, 2100 bicanalyzer) % B\ TEREZHE L&,
HRFALL 2, 10~10° copies/tube i2 A L2 AT &
BEFEHACTREREZERL, T-Y2A 25088
BMEBHEICF L) 7P £ ART-PCRIEZERK T2 Z LT,
*—2 R RO RNABEFRENE L /2. HR%T.5
% 107*~7.5% 10" oocysts/tube DEHEETIMEED BHH
REETHRL., ZFBREEMIIOE3IETEREL (519
). 14— R i) DFHORNARETFHEHE
L7

¥/, UT7NVF A4 ART-PCREORERERRIL, 7.5%
107°~7.5% 10" oocysts/tube DEE T HBERMEIZD &
2HETYTNY A LART-PCREXER L,

2.7 YTPNLEA LRT-PCREEBREBEREICS
BAIIFE D S DR

B - BREOMIRHAO S bEEIIH L. BEEEE
AERLK, BELS-YTALY AL LART-PCREY AW

Table 1 Nucleotide sequences of PCR primers and TagMan probes used to quantify Cryptosporidium spp.

Amplification  Function Sequence (From 5'to 3)* Length of Reference

target PCR product

18S rRNA Forward primer AGTGACAAGAAATAACAATACAGG 295 Keegan et al.,
Reverse primer ~ CCTGCTTTAAGCACTCTAATTTTC 2003"
TaqMan probe ACCAGACTTGCCCTCC

18S rRNA Forward primer AGTGACAAGAAATAACAATACAGG 295 King et al.,
Reverse primer  CCTGCTTTAAGCACTCTAATTTTC 2005
TagMan probe AAGTCTGGTGCCAGCAGCCGC

18S rRNA Forward primer GGAAGGGTTGTATTTATTAGATAAAGAACCA 182 Miller et al.,
Reverse primer  CATTCAAGTTTCTGACCTATCAGCTTTAGACGG 2006"
TagMan probe CTCCCTCTCCGGAATCGAA

* TagMan probe oligonucleotides were labeled with 6-FAM at the 5’~end and the quencher {TAMRA or BHQ-1) at

the 3’-end.
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BAKMEBEMFERE HBi6E F45

TZETRHBRE T o7, T/ BEELAHDRT LD 8
b T4 2—TH OB (Accession No.: L16996 D
413-611F T) #MEIET 5 RT-LAMP &' % [FBF 2 EHE L
7z RETIE, U7V 4 L PCREE FHIZ18S rRNA
BEFEARELTHED, BRI NLGHMAIKE(E
%> Tv b, RT-LAMPEORIE I Loopamp 7 ) 7'+
AEY Iy AESRES v b EFMEE) 2ERAL. &
Xy MIE&5pmol DT ¥ —754<—CryF3 &
U CryB3. % 20pmol D W— 775 4 v— CryLF R U
CryLB. &40pmol @ 1 » +— 7 5 4 <— CryFIP & O}
CryBIP. 8 UM Bst polymerase & TN TV 5, 2 LI
1.5U @ Reverse Transcriptase # 71 L. Z 4L RNAfHL
W5 ulEMAT25ulE L, 63T T605 H RT-LAMP FUiS
BiTo/z, BEOEFRMEIZIE Loopamp V) T ¥ 4 L%
EHIEHE (Realoop-30, £ Fv 7 RA) B,
BEMEBREBOREHL, EEY I BAKMPTFE £
YTV T AN —F BTG ABL, EERERT
ol THDLBIZUDIZ, AT L7145 —Dhg
VAR TEZEH15mm DM %3 &, PBS (Phosphate
Buffer Saline) TS L7z, 2000070 v ¥ » 78K
H (10% Y2 mET7VT I VUINPBS B 2 A 7L
YTANE—ORNEEIITEEL L) ICHET L. &
BTHSSHEH S E %, Bole 70y 3V FRES
WEIBRE Lz WIC, % - BREOWIIABDI b, £
2 (f55pl) FHNESHEITEES L) IR AEL7
. #2000l 7T Ay X SRAERET Lize BRTH
S5OMIER SR %, WIREL, F0O%, ATV
YTANE —FATAFTTA LB L, BEIZAN, 60
wl OEFHUAEEHE (BasyStain™, BTF) % HAEEIZ
TEELINIET L, BERTHFEREI R, 856
!\ DAPI (4’ 6-diamidino- 2 ~phenylindole) i (0.4
mg/l) 100! 2@ T L. SHHEREIE7%, RK5A8
L. PBS #910ml # BV T A»B%E LA, &EIZ. AT
ARTSALIIAYTVL 7407 — %8, TROE
W E A EE AR (Fluoprep, BioMerieux) % BT
HAMELT, T35 FE{ER LS

R L7V T — 2 THHEEN SEILEEHE
BB (IX71. OLYMPUS) (2L DERZEL /2, (2 UDIZ,
BEEEET20088TREL., 7v 7L -V EBOEXY
ET5 4~ 6 umOBATEOERA T2 HEL . Gl

KT TCREOHLEREL TR WI L ¥ FER LR FIE.

UVEIERXTINMETEHE L, ARV / FOBOBEY
BEL. S5IZ100080My TiHETH—- A FOR
HEEOEEYBE L, EXBRBILLsTH-T AL

BOMABTEX/ALOEHEEL (Suspected) &L, &5
LEREOMOD 7 ) T AR Iy bt — 32 2 MR
R NEBENEIB I N O%BEEH (Confirmed) &
L f:o

3. BRLUZEE
3.1 FEHOUTIVAA LPCRROLSE:

e L7723 200 7% £ APCREAD VT IIZENT
4, 2.4%x107'~2.4x10° cocysts/tube O & F THE AR
DAL AN ARER SR, ML — 2 A MEE (Loglé)
ECpfHE DM R RREEES RN (Fig. 1) —
F. 2.4x1077 oocysts/tube LN F OEECLE, #tdi8n
SEENOAHERI NG ol D 2RERETS &,
Miller &' PCR R REHBEDO LB A D 2 po 20 F700
THO—-ABRKE CTHISEY ¥ FEET 5 &, Keegan
5% E King 5YOPCREATIE, 794 v—§F1<v—dh5
WERRED 794 = =B FOEEIES 51 (Fig.
2). BEORVEIENTHhNR T b 28,
=7, Miller 5OFRVIIBGTIE, DL %3y Mt
Behadhol, /o #AMBEOLL LY OEE
WREL, DA 7L THRINIEL, BIg:BHo
PEIFHBEE N EDPHR SR/ E612, PCRET
REOENLEEIHEMOTHIV S CHEEIRi-THY,
BRI RTE T A Z L B (B RBEE TET LT
LI EDTRBENS . BIUEBEOF - A P b8
B 2 R EHET 2L/ THo, TREDZE
o, MBLAZ32OPCRFOFTIZ, Miler D HEAS
Bif & s ns.

3.2 A—T X FHNEBDORNABIEFHE U 704
1 LRT-PCREDBESRBER

BiF &I Miller 5D ) 7% 4 LPCRA%E
BLT, BERMOEGEET - mBEFER L.
—F, EERAELZA -2 VEHRE I LTy T
ME A LRI-PCRZITV:. 4 —3 A PO IRNA D 5
EERGTHONLDNARXEE L, TOER, 14
— VA MHENF27,402 K~ (n=9, EHEE=
1.930) OERES|. T % b5 IRNAYELET S &2
L7 =3 A MO DNABEFHII0TE - (=
FIAES A —xF -V A R4 AFETS AR EE
Banz», ¥&ESFBMLTH -V 2 FREO
rRNA % cDNA BT B LT, ER0 ¥ — % KIE
IR EE, BREASTRETHLILPRDTHEEL
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Fig. 1 Amplification plots and standard curves of the real-time PCR assays reported by (a) Keegan et al.'", (b) King
et al.’? , (c) Miller et al.* using 10-fold serial dilution of template DNA extracted from Cryptosporidium parvum
oocysts.

1234567 1234567 1234567
& - e e lane1: 100bp ladder marker
lane2; 2.4 X 10° oocysts/tube
lane3: 2.4 X 102 oocysts/tube
lane4: 2.4 X 10' cocysts/tube
laneb: 2.4 X 10° oocysts/tube
lane6: 2.4 X 107! oocysts/tube

lane7: Negative control
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Fig. 2 Agarose gel electrophoresis of PCR products of the real-time PCR assays
reported by (a) Keegan et al.''’, (b) King et al.** , (c) Miller et al.* using 10-fold
serial dilution of template DNA extracted from Cryptosporidium parvum oocysts.
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BAKRBENFRE H46% H45

PASS

FERRIZ7.5%107°~7.5% 107" oocysts/tube D&t FTE S
AWML RB %Y 7V 4 1 ART-PCREEICHE L 45 R,
7.5x%107° oocysts/tube DR TIKIREED &5 b BIZFHEIE
EZRERTE (Fig. 3. 4)o 7.5%10°° oocysts/tube T
2. 2ETERLARERO ) b, —HTld, HIEIFER
SN d o7z, 7.5%107° oocysts/tube DR Tid 2 Kt
ELEEMBON D LAY IIHETENH DD, Table 2
IR £ DA RER - T COpEDIE S D X ik Kk
Ehols (EEMRE:1.81%). —H. 7.5% 107 oocysts/
tube LA EDRETIE, CpENREL Tz (LEIEM:
0.07-0.52%)o ZDZ b, ABHETHRELAY TV
% 4 5 RT-PCREDEE T RIZT7.5% 107 oocysts/tube T
D EHRTL 7

1.8
1.6 | -O- Negative control
1.4 —— 7.5 x 10 oocysts/tube
2 4.2 —£— 7.5 x 10 oocysts/tube
s = —&- 7.5x 104 oocysts/tube f
8 1 | -2 7.5x10% oocystsitube .
qm) 0.8 —&- 7.5 x 102 oocysts/tube
X -1
lg 06 I = 7.5x 10! oocysts/tube
i 04
0.2
0
-0.2

0 5 10 15 20 25 30 35 40 45
Cycle number

Fig. 3 Quantification limit of the real-time RT-PCR
assay using 10-fold serial dilution of template
RNA extracted from Cryptosporidium parvum
oocysts.
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Fig. 4 Standard curve of the real-time RT-PCR assay
using 10-fold serial dilution of template RNA
extracted from Cryptosporidium parvum oocysts.

B, BED)TVSALAPCREIZBNTY, £
& 9 120.24 oocysts/tube DIEEHD LRTTEETH - 7245,
AEAKRFOF - A FDNADEEZ 1 RIEF 2 — 710
MTAZLIBOTHETH), —F, RBAELH
TOREEHIKE (. DNARETINOAREF D 1 +
— YA M ERETHORERBTIIZVEEZ bz, —
BRISBEETFRETIE, REEE LTS5uBEELERT
BIENEND, RERAE—XEIZL 2 EBEDOES -
BREETERLTS., 100uBETTLIERT L LS
TEF, Z0HBAEIF 1 oocyst/100ul =0.05 oocysts/ 5 il
), RETRATES, RICEHESTEELTD
{EFITTREZ DNAMHHEE IR D 255 0, & 0K LRE
RE CRERERE L OO T VU TRELER L WVWE
EEZZDHE, RERITELZAIBVIEFEI NG, £
7o, BHEMEC BB SN TBREIC 2 2BNIBTETE
Ve INETILZY T MARY Uy AZEOBRGETHRIE
RBEBEHE Sh TV, BERETEROF—Y 2 b %
PEELZ), FEEERE TERTI2LENH o720,
AYFIR—Ta YR ENS Nested-PCREF LE L
L7z LTz, LHHFED ) 70V ¥ 4 A RT-PCRIE
BENITIHRE SN RROBEFREE LI, &
ERENELI(EL, IVERNLREETH S LEZ
2% (WAL

RNAH 6 DAL L Tid, hsp700 mRNA % 5t 5 &
LART-PCREDMEIATVE2™, XFECHRL
TIRNAZXRE LAY 7V ¥ £ ART-PCRE L BT,
RUEBREIZ 24— F—DEEL, F7-, =2 R PEE
D mRNAIXIRNA & LB L THBEENE WV L i
ENTVAEY, Zkd, BAkBEOHEETRELTA
— VA MEBRHETSA0I1001E. YEHED L D %2 rRNA
DERHPBEL TR EEZ OGNS, T/ BERELZEE

Table 2 Cp values of each diluted sample in the
real-time RT-PCR assay

Cryptosporidium Cp value Coefficient of

oocyst variation (%)

concentration

(oocysts/tube)
7.5%107! 23.33, 23.47 0.42
75%x107% 26.98, 27.08 0.26
75%107° 30.77, 30.80 0.07
7.5%107* 34.93, 35.19 0.52
7.5%107° 37.66, 38.64 1.81
7.5%107° 39.88, — =
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FREEZFERTAIETRRAXETELTICEAR, B
VORE»P LI TN TOREETo120, HORETF
B o0 Ta2 L WMEEEELIOLNS,

3.3 ERHEDER

HL{EELLY 7MY £ ART-PCRA % AJIARS
EELER, MBS ROr -V A MREYERT
LI EHHETH o7 (Table 3), 3HOHEBMOE
LS, YTIF 4 ART-PCRENERMBEIIEEL
Twi, ¥z, BRI do/zb0D, VTNVY
4 ART-PCREL IR A HWIEHERTT 7 1 v —»7kzt
SN TWVBRT-LAMPE L b BN 2 REERA-B L
Ll s, AR BRESORENOMENELT
WATMREEIREVWEZ 2 SRz,

1) 7 V% 4 ART-PCRE: L FEMEEIRE R+ EHEMIC
R&T2E, BRh—HLTWAZ EAhh 2, 48 H
B3R TRBERI R oz, EHETIR, 2. 15Tk
AR7=E S, W0LOFIAKE RN - HE L%, BBt 2
DML TY TVT A ART-PCRE & MBIt
LTwbid, TORBFOF— Y X MBEFEVHE

2. BREATORERBIZLIF =L AMAL W
YRS D, COREOMEN 2 FEOSHMERICE
PECAEREEX SR, £ BRSBEEETIR, 7
WY —BBPRETRBIIBNTF VA MELRSR
BEENHY . SHIREZOHMI G - A MEREIC
EETAILNERADO—2ML Lhizw,

N7 4 ART-PCREEE SEMSREIBOERMICEEL
Tit. FigbloR¥ L HZ, Y7 A ¥ A4 LART-PCREEIZ &
HFERELEMEREEEEL OBICECYHENRLR
Lz e b (FH5ER=0.75). FLBELLVF LS
4 ART-PCREI L ZEEBIIRLELIDOTHALLEL
bhio —H. SARGEEREHEE L OMICIZBIRE 2 HE
BRONEPo7 (FEER=0.24), PHERRICLS
F— A FOFBEYE I, AR b S0y 7t
AR Y MR AREETRRET A LEN DS
B, 74N —LOFERDEA - A POMEBRAFEIC
FoTid, HELAPBELZBRETE2VWILLH) . &
B HEEEIEEEL VENMEL RS, VTAMY 1 LPCR
ELERSERAREOHRYEET 200101, ERiiE
EBLUBTHELRITILENS D, SEORBLEL

Table 3 Quantification and detection of Cryptosporidium oocyst in river water samples.

Time of  Sampling site®' Microscopic observation Real-time RT-PCR RT-
sample (oocysts/5L) (oocysts/5L) LAMP
collection Suspected*’ Confirmed*® Average CcV (%) ¥
Nov-09 A 1 0 0.22 6.6 +"
B 1 1 - - -
C 0 0 - - -
D 2 1 0.91 43 +
E 0 0 0.11 7.6 +
F 5 3 0.024 23 +
G 8 3 0.24 14 +
Dec-09 A 0 0 48 36 +
B 2 2 7.7 0.71 +
C 0 0 - - -
D 6 2 20 13 +
E 7 1 17 43 +
F 15 2 20 17 +
G 20 3 47 14 +

*! Sarapling sites A and B are located in Tone River and C, D, E, F, G are located in tributary

rivers of Tone River.

"2 Definition of “suspected” and “confirmed” ococysts is written in section 2.7.

** Coefficient of variation (n = 3)
** + = positive, - = negative
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Fig. 5 'Correlation of Cryptosporidium oocyst concentration in river water samples determined by the real-
time RT-PCR assay, compared with that determined by conventional microscopic observation
{Left: suspected value, Right: confirmed value) .

X (YA

70, LAY A FPBIUGTHRIL - 2HEICH
LTid, V7% 4 ART-PCRENEREIEMERE
EOELD 1A —F—LEE ol 62, F A+
FA L8 LR ClL, EBEA%0.024 cocysts/5L L
BOTHIVELZRLE, FHETIE, RERBRY—X
B Lo THBOBEEToTv 50, PCREEWEL
ERLBETLIILRIAETHL0OT, —HORBTH
EOXBFLBLT LT, EREMEL 2o A THHEIE
Zbhb, MRNABETFEMR L L&D RT-PCRE
KBWTI?, FANIARE T, #EAEDOBEELRE
ICHAR, RHREME 23 2P ESITVWE, &
BIZF CAROFAMNAKD A TR (, MiBAED D&
D& ORBHCH LTHRE LD, BHEBREL )T
V¥ 4 LART-PCRENTEREL LB L TV LENH B
LEILNG,

4. £

AHFETHE, RPDZ YT ARY T I AF - A
WEFEETER., BRELOERM2) TS 1 LRT-
PCREZWIY LTz, BohiRmBEUTIZIFIERYT 2,
1) BBO3 2DV 7L Y4 APCRRTHBL &SR,

Miller 5 D PCR%IE, D 2 R EKEEL T, BHED

HEMBOEBHOLEH /NS, HEHELBIL

AER SN, FIEKBED L — 2 R b2 S OHEIES

BHETHILEION:, SHIIMN2RERED. FE

o
&!l

RREVOEROHERIN o722 Ld b, Millerb
DPCRAVEOERNTHLEEZI LN,

2) F—T A MABICKEIZHEET S RNA 2 MEER
2L o TeDNAILERE SR Z & T, BiEdHRE 2
5 DNAB % 1000f Bl LN & ¥ 5 Z L AT TH o 7o
Miller & 2545 L 7= RIS HEE RS Ml A &b TY
TILEAART-PCRELTHI LT, REEKIBIC L
HEH, 7.5%10™ oocysts/tube 75 EE T EE%: & R
TRERVBETLIIEICHIIL

3) Y7 N% 4 LRT-PCREN., BEXNOMEZLELS
el E@IIEEILA -V AN ERTA L
HRETHY) ., EHEHSELABOERREENIES
iz YTV A ART-PCREIZL HZERIE L BiE
BERLLIZ2EEHELOMICESVARSRS M R
=0.75, n=14),

i

FBEIEFER IO~ ERDELFBHEH EMERMBE
& [RRZL - CHREBNFEAETESTE silkox
B Ry EBICET 5 AR ] (H19- g - —#% -012)
DHBEZTCTE/BL

s1FxH

1) Eft & B, ANEE. BETER  FER
FTFAMEIM, JOEE, 34-35, FHE (2008)

2) BA%ER. RILER. EEEE: 2 T PARY Y
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source of N-nitrosodimethylamine in river waters of the

upper Tone River basin in Japan
K. Kosaka, K. Fukui, M. Asami and M. Akiba

ABSTRACT

The presence of N-nitrosodimethylamine (NDMA) in the Hirose River and its tributaries, located in
the upper Tone River basin, in the Kanto region of Japan, was investigated. NDMA was detected
at high levels in the Arato River, one of the tributaries of the Hirose River, at high concentrations
(up to 2,100 ng/L). Due to the confluence of the Arato River, NDMA concentration in the Hirose
River increased (up to 61ng/L). The NDMA in the Arato River was due to industrial discharge from
a livestock processing plant located near the river. There were three discharges at the plant, with
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NDMA concentrations of 78, 11, and 33,000 ng/L. The industrial discharges from the livestock
processing plant did not contain significant amounts of NDMA precursors on chloramination.
On the other hand, sewage effluent was shown to contain NDMA precursors. The amounts of
NDMA precursors in the sewage effluent that were rapidly transformed into NDMA were

considered to be lower than those slowly transformed into NDMA.

Key words | Arato River, chloramination, drinking water source, Hirose River,

N-nitrosodimethylamine, Tone River basin

INTRODUCTION

N-nitrosodimethylamine (NDMA) is a potent carcinogen
(United States Environmental Protection Agency [US EPA]
1993). Although no longer used directly in industry, NDMA
has been used in the past in a wide range of products, e.g. as
an intermediate of unsymmetrical dimethyl hydrazine
(UDMH), as an additive of gum products and polymers,
and in solvents in the plastics industry (Najm & Trussell
2001). It has also been reported that NDMA was contained in
various foods (e.g. meat, meat products, fish, fish products,
beer, and milk; San Francisco Public Utilities Commission
2007). At present, NDMA is not listed as a federal standard
item in drinking water regulation in the USA. However,
NDMA is listed as a contaminant in Contaminant Candidate
List 3 (US EPA 2008). The World Health Organization
(WHOQ) Guidelines for drinking water quality (WHO 2008}
specifies a target value of NDMA in drinking water of
100ng/L. In Japan, NDMA was listed as an item for
monitoring in 2009, and a target value of 100 ng/L was set
doi: 10.2166/wst.2010.519

in April 2010 (Water Supply Division, Health Bureau,
Ministry of Health, Labour, and Welfare 2010).

The occurrence of NDMA in drinking and wastewaters
has been investigated in detail in the USA and Canada
(Najm & Trussell 2001; Mitch et al. 2003; Charrois ef al.
2007; California Department of Public Health 2009).
NDMA concentrations in river water have also been
reported (Schreiber & Mitch 2006; Plumlee & Reinhard
2007). NDMA is known to be a chloramination disinfection
byproduct (Mitch ef al. 2003; Mitch & Sedlak 2004; Chen
& Valentine 2006). However, NDMA is also formed during
ozonation (Andrzejewski et al. 2008; Schmidt & Brauch
2008; Asami ef al. 2009b; Tateishi et al. 2009).

In Japan, the occurrence of NDMA in drinking and
environmental waters has been reported, mainly focusing
on two basins located in the Kansai and Kanto regions,
i.e. the Yodo and Tone River basins, respectively. The river
waters in both basins are used as sources for the local water
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supplies. In the case of the Yodo River basin, NDMA is
derived mainly from upstream sewage effluents (Kosaka
et al. 2009a; Tateishi et al. 2009). Some sewage effluents
were also shown to contain NDMA precursors on ozona-
tion. One sewage effluent, which contained NDMA at high
concentrations (several hundred nanograms per liter)
employed ozonation. On the other hand, there have been
no reports of high concentrations of NDMA precursors on
ozonation in the case of the Tone River basin (Asami ef al.

2009b). NDMA was frequently detected at levels of several »

nanograms per liter in raw water from the middle
stretches of the Tone River basin (Kosaka et al. 2009b).
The raw waters also contained NDMA precursors on
chloramination. The sources of NDMA precursors were
shown to include sewage effluents in the upper Tone River
(Kosaka et al. 2009b), as reported previously (Schreiber
& Mitch 2006). Among the samples analyzed in this
previous study, NDMA concentrations were relatively
high in the Hirose River, one of the tributaries of the
upper Tone River. However, the origin of NDMA in
the river has not been determined.

The present study was performed to investigate the
occurrence and concentration of NDMA in the upper Tone
River basin, focusing on the Hirose River and its tributaries.
In addition, NDMA formation on chloramination was also
investigated in the present study.

MATERIALS AND METHODS
Reagents and solutions

Ultrapure water purified with a Gradient A10 water
purification system (Millipore, Bedford, MA) was used in
this study. Distilled water purchased from Kanto Chemical
(Tokyo, Japan) was used to prepare the mobile phase for use
in ultra-high performance liquid chromatography tandem
mass spectrometry (UPLC/MS/MS). NDMA and NDMA-dg
were purchased from Supelco (Bellefonte, PA), and C/D/N
Isotopes (Pointe-Claire, QC, Canada), respectively. Chlora-
mine solution was prepared by mixing ammonium chloride
solution and hypochlorite solution at a molar ratio of 1.2 of
nitrogen to 1 of chlorine (Mitch & Sedlak 2002). Fresh
chloramine solution was prepared on each experimental day.

Sampling

Figures 1 a and b show a map of the Tone River basin and
schematic of the sampling area with sampling points,
respectively. The samples collected were surface waters
(i.e. Hirose River, its tributaries, and channels), sewage
effluent (i.e. S1), and industrial discharge (i.e. I1, 12, and I3).
The Hirose River is one of the tributaries of the Tone River,
and is located in the upper Tone River basin. River waters of
the Tone River basin are used as sources for the water
supply in the Tokyo Metropolitan Area. The Hirose River is
used as the source water after the confluence with the
Tone River. Connections and pathways of some channels
(i.e. C4-C6) are not shown in the figure for ease of
representation. Sampling was conducted in May-July 2009.
All were grab samples, and those at several sampling points
were collected on different days. The samples were filtered
with 0.7-pm GF/F filters (Whatman, Florham Park, NJ),
and the filtrates were used. Table 1 shows the basic water
quality parameters of some samples.

Chloramination

In the present study, NDMA formation on chloramination
was investigated by two procedures. The analytical methods
for drinking water described by the Japan Water Works
Association (2001) describe the formation potentials
of disinfection byproducts of chlorination as 1-2mg/L of
chlorine at 24 h. These conditions were used as.a reference
for chloramination conditions in this study. That is, the
chloramination conditions were as follows: reaction time,
24 h; chloramine concentration at 24 h, 3.0 = 0.5 mg/L; pH
7.0 (5mM phosphate buffer); temperature, 20°C. These
chloramination conditions were designated as chloramina-
tion I. Mitch & Sedlak (2004) proposed experimental
conditions to evaluate total NDMA precursors on chlo-
ramination. Based on their study, chloramination conditions
were set as follows: chloramine dose, 2mM (140 mg/L),
reaction time, 10 days; pH 7.0 (5mM phosphate buffer);
temperature, 20°C. These chloramination conditions were
designated as chloramination II. Chloramination I was
considered only to evaluate the amounts of NDMA precur-
sors rapidly transformed into NDMA on chloramination.
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Figure 1 | (a) Map of the Tone River basin and (b) schematic of sampling area with sampling points.

Residual chloramine was quenched by sodium thiosulfate
(Wako Pure Chemicals, Osaka, Japan).

Analysis

NDMA concentration was determined by solid-phase
extraction (SPE) followed by UPLC/MS/MS. NDMA-dg
was used as an internal standard. The details of the analytical
procedures were described elsewhere (Asami et al. 2009b;
Kosaka et al. 2009a). Two Sep-Pak® Plus AC-2 cartridges
(400mg x 2; Waters, Milford, MA) were used for SPE, and

one Sep-Pak® Vac Florisil® cartridge (1 g; Waters) was used
for cleanup. A mixture of dichloromethane and diethylether
(1:1v/v) was used for elution. Sample volume was generally
500mL, but these were reduced for samples containing
NDMA at high concentrations. The concentration factor
was 2,500 for a sample volume of 500 mL. Separation was
performed using an ACQUITY UPLC system (Waters) with
a BEH C18 column (2.1mm X 150mm; Waters), and
detection was performed using an ACQUITY TQD tandem
mass spectrometer (Waters) operated in the electrospray
ionization (ESI) positive-ion mode. The multiple reaction

Table 1 \ Basic water quality parameters of the Arato River at A3, sewage effluent and industrial discharge

sampling point pH DOC (mg/L) UV,0" Ammonia (mg-N/L) Nitrite (mg-N/L) Nitrate (mg-N/L) DON (mg-N/L)
A3f 7.7 1.8 0.052 17 0.37 3.4 0.72

S1 7:3 34 0.073 0.70 0.12 9.1 0.10

I1 75 25 0.21 8.7 <0.02 <0.02 6.1

12 79 24 0.067 6.3 1.3 4.6 0.35

I3 7.6 6.3 0.11 68 15 31 0.46

“Absorbance at 260 nm.
*sampling day of A3 was 16 July 2009.
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monitoring (MRM) transitions were m/z 74.9 to 43.1
(quantification) and m/z 74.9 to 57.9 (confirmation) for
NDMA and m/z 81.0 to 46.0 for NDMA-de. The detection
limit of NDMA was 1.0ng/L, which was calculated by
repetition analyses (number of repetitions (1) = 5) of known
concentration (2ng/L) in different ultrapure water samples
(Asami ef al. 2009b).

-Chloramine concentration was determined by titration
using N,N-diethyl-p-phenylenediamine and ferrous ammonium
sulfate (APHA et al. 2005). Dissolved organic nitrogen (DON)
concentration was calculated by subtracting nitrate, nitrite,
and ammonia concentrations from dissolved nitrogen (DN)
concentration. Nitrate and nitrite concentrations were
determined by ion chromatography (IC) (DX-500; Dionex,
Sunnyvale, CA). Ammonia concentration was determined
spectrophotometrically with phenol (Japan Water Works
Association 2001). DN concentration was determined using a
TN analyzer (TNM-1; Shimadzu, Kyoto, Japan) connected to
an organic carbon analyzer (TOC-V CPH; Shimadzu). Dis-
solved organic carbon (DOC) concentration was determined
using the TOC-V CPH. Absorbance at 260 nm (i.e. UV5g) Was
determined using a spectrophotometer (U-2800; Hitachi
High-Technologies, Tokyo, Japan). pH was determined using
a pH meter (PHM240 Meter Lab; Radiometer analytical,
Lyon, France). Chlorate concentration was determined by IC
(ICS-2000; Dionex) coupled with MS/MS (API 3200QTrap;
Applied Biosystems, Foster, CA). Analytical conditions of
IC/MS/MS were described elsewhere (Kosaka et al. 2007).

RESULTS AND DISCUSSION
Occurrence of NDMA in the upper Tone River basin

Table 2 shows NDMA concentrations in the samples.
Some samples were extracted and analyzed two or three
times (i.e. repetition analyses), and the relative standard
deviations (RSDs) were 0.9-19%. Figures 2 and 3 show
profiles of NDMA concentrations in the Hirose River and
one of its tributaries, the Arato River (Figure 1 b),
respectively.

In the Hirose River, NDMA concentration at H1
was low (1.0ng/L), but increased after the confluence
of the Arato River and the concentration of NDMA at H2

was 4.6-61ng/L. NDMA concentrations decreased
downstream and were 1.9-22ng/L. Sewage effluent con-
taining NDMA (95 ng/L) flowed into the Hirose River, but
did not affect NDMA concentration in the river. This was
considered to be because the flow rate of the sewage effluent
was much lower than that of the Hirose River. NDMA
concentration in the Hirose River at H6, just before
confluence with the Tone River, was 1.9 ng/L.

NDMA concentrations in the Arato River and its
tributaries were investigated to identify the sources of
NDMA around H2 in the Hirose River. NDMA concen-
tration in the upstream region (A1) of the Arato River was
2.3ng/L. The NDMA level increased markedly at A3
(i.e. 370-2,100ng/L), and decreased gradually in the
downstream region. However, NDMA concentration was
still high just before confluence with the Hirose River
(12-130ng/L). On the other hand, NDMA concentrations
in the Miya and Kamisawa Rivers were 1.3-3.7 ng/L. These
results indicated that the NDMA source in the Arato River
was located between A2 and A3, and the amounts of
NDMA discharge from this point fluctuated. NDMA
concentrations in some channels around the Arase River,
C2 and C5, were also high because these channels
contained water from the Arato River.

There was a plant upstream of A2, from which there
were three industrial discharges (ie. I1, 12, and 13).
Therefore, the NDMA concentrations at the three industrial
discharge points were investigated. Among the three
industrial discharges, I3 was only discharged after treatment
(i.e. biological treatment). NDMA concentrations at 11, 12,
and I3 were 78, 11, and 33,000 ng/L; respectively. Thus,
NDMA was present at high levels in these discharges,
particularly at I3. The discharge at I1 flowed directly into
the Arato River between Al and A2. However, NDMA
concentration did not change markedly between Al and
A2, as described above. The discharges at 12 and I3 flowed
into the channel. This channel (i.e. C7) was confluent with
other channels (i.e. C8), and the confluent (i.e. C9) flowed
into the Arato River between A2 and A3. Due to the high-
level discharge from I3, NDMA concentrations in the
channels were high (2,600-9,300ng/L). These results
suggested that the NDMA in the Arato River was mainly
due to industrial discharge at 13. The plant is related to

livestock processing, and feedstuff and fertilizer are



