1 DESCRI PTI ON WATER QUALI TY MONI TORI NG APPARATUS TECHNI CAL FI ELD [ 0001]

The present invention relates to an apparatus for nonitoring water quality.
BACKGROUND ART [ 0002] Japanese iLai d- Open Pat ent Publicati on No.
2004- 74137 di scl oses the provision of a nmethod and system for supplying
drinki ng water nonitored using aquatic organi sns. The publication states
that a bioassay system which uses aquatic organi sns supplied to nonitor
and judge hazardous substances Sb%fﬁlfﬁgflﬁapm sons, is provided at a
treatnment stage fromraw water t MK ter or on a water supply |ine.
When the system judges that the results are acceptable, only treated water
i s preferentialWATERQUA Tor MONEFOREN & APRARAJAIS be used with the treated
water is supplied together with the treated water. Wen the system judges
that the T@HN&@AWPIELCE acceptable, only the clean water is automatically
and i nde l'y suppl |ed To effectively operate such drinking water

suppl yi ng sys anl af ter is . selectivel ansferred. vi.a

saf ety-confj rnaﬂ%ﬂr%g%? lﬂ&r?%é?sa’EPea cﬁ%rﬁE%ﬁg?bgﬁ%n'égr'Qﬂd are

i nst al | edVRHICREARY-s and/ or treated water |ines aside from clean water
supply lines for municipal water or the like. [0003] Japanese

Lai d- CperBAGKGROBMND AR i on No. 2009-2815 discl oses the provision of a
noni tori M@ogajar atus with high selectivity that is a small-sized anal yzer

whi ch di spensegaphhbsa IYélBL’G RYSARAL Iﬂ%l‘?&gtu&?WGOZ gihgghoses that two
ki nds of cﬁg E f’\ n%r essure
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mai nly dlasrxbw@gedwaz(awdpusrsqustamcdsc‘suom as dcphe soNs y ispeevidedeater, with
a mechanizs tndatment stdyenfrdmtrae watiee toodridkisp evatiorwa onra swteee and t he

di ssoci atsutﬁalquesowr@@nttmn dtent Hatg EBQ’Ha‘ﬂftﬁe AUMPBRY igtedptsbie, dat abase

Itﬂemn;)fg@gr@éé% wdrt% ; ?er(érﬁf'al E ¥% I%Ia‘rr]'leﬁl atel %ﬁggcghe;ef g)n of
source a % ea ‘%& g % f Iﬁ?r g‘g Eﬁ?&ﬁég ifsour ce
are regi Waled enibR svSisO dudges ¢ beresyits e POt RcERPERBIE  hat

mat ch t h@ruwta@a@@aarwaw &:auaomatls@dlw and indepgndestlyasuppliedn Fdurce and
t he effectively operate such drinking water supplying system, only safe

water is selectively transferred via safety-confirmation storage tanks
that are used in emergencies and are installed on channels and/or
treated water lines aside from clean water supply lines for municipal
water or the like.

[0003]

Japanese Laid-Open Patent Publication No. 2009-2815
discloses the provision of a monitoring apparatus with high selectivity
that is a small-sized analyzer which dispenses with a vacuum system.
Patent Document 2 discloses that two kinds of atmospheric pressure
ion sources, namely, an atmospheric pressure ion source (non-
dissociative atmospheric pressure ion source) for generating mainly
molecular weight-related ions and an atmospheric pressure ion
source (dissociative atmospheric pressure ion source) for generating
mainly dissociated ions, are provided in an ion mobility spectrometer,
with a mechanism for switching between the non-dissociative ion
source and the dissociative ion source being further provided. Also
provided is a database in which characteristic values (ion mobility or
values related thereto) of the molecular weight-related ions
generated by the non-dissociative ion source and the dissociated ions
generated by the dissociative ion source are registered for each
measurement target constituent. When ions that match the database
are detected in both the non-dissociative ion source and the



2 dissociative ion source nodes, it is determned that a measurenent target
constituent has been detected. At such tine, by also checking for the
presence of dissociated ions during ogeration of the non-dissociative ion
source and conversely for the presence of nolecular weight-related ions
during operation of the dissociative ion source and allow ng such results
to contribute to the determnation, reliability is inproved. DI SCLOSURE OF
THE | NVENTI CN_%O_OO4_]Q Wat er tanks for storigg drinki ng water or

pot abl e \EHBRRCIEEINE; 96 $PYrEE TVARS,1ib Ipdeterpined fhdha measytenyenk
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det eri or afisswciativeaber seluadd bd o vierseRforctie€ presence dfahotetifiar
@gfg;daﬂ%éi Ht_hFéIStécg ié’@é‘f@'ﬂl‘?i@ibpéréﬁ hedf'[ﬁ?é)a s%c%tiﬁé%mgaogggg oring
present i gfé{lbg’r{hgsd; %“P q Icloﬁﬁpi Fi(lattgr ngdSE%%”Ph au%;(?ri"’ncl uding: an air
qual ity dFAPPIINGSURIRTAMES detects, using an ion mobility sensor, air
quality in a space or region that is at |least partially enclosed by a
partiti orDIGLILOSKRE QFolHEaINVENTIEN with water whose water quality is to
be noni t qi0@P4Jand an alarmunit that outputs a signal indicating an
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patterns of air that contacts the water to be monitored.

[0006]

Air (the atmosphere) in a space with a boundary surface with

water, includes substances that reflect the water quality below the

boundary surface, that is, the water surface. In addition, substances

caused by the water below the water surface accumulate in a space

that is substantially enclosed above the water surface. Such

substances caused by the water include vaporized substances

included in the water, substances released to the air from the water,

and gases produced by some cause present in the water. The ion

mobility sensor ionizes molecules in the air and outputs a spectrum

based on the mobility of the ionized molecules. For this reason, in

the water quality monitoring apparatus, by detecting the air quality in

a space that contacts the water and is substantially or effectively

enclosed, it is possible to measure substances (constituents) that are

caused by the water and are included in the air quality of the

enclosed space and thereby possible to judge from such

measurement result the water quality below the water surface

indirectly but with sufficient precision.



3 [0007] Anot her aspect of the present invention is a water quality
noni toring nmethod including the following steps: 1. Detecting air quality
in a space that is at |east partially3nclosed by a boundary surface with
wat er whose water quality is to be nonitored and a partition wall using an
ion nmobility sensor. 2. Qutputting an abnormality signal if an out put
pattern of the ion nobility sensor is outside a tolerated range for air
qual ity tterns that contact the water to be nonitored. BRI EF DESCRI PTI ON
OF THE ds [ 0008] FIG 1 shows an overview of a drinking water
suppl yi ng appafdtafer mapedtof thenaresenfuanvieniiafis aovatey applibat us.

FIG 2 i smanitiooirlg dietdgrodrirafluding tiae dollgwahg tsgepsni t ori ng appar at us.

FIG 3 is a flowhart showi ng control of the water quality nonitoring

appar at us DeteEhﬁg énr%ﬂ?é(ﬁt it ‘%gi‘&beﬂﬁﬁﬁtdléafs%r igfiyl nking wat er
Suppl yi NG, 0 HahPabe S(tfate! with Rhe&H WHAY ABHEF )6 cst &
g Y Bé'm % a par’cltlon wall using an ion mobility sensor.

2. Outputting an abnormality signal if an output pattern of the

ion mobility sensor is outside a tolerated range for air quality patterns

that contact the water to be monitored.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 shows an overview of a drinking water supplying
apparatus including a water quality monitoring apparatus.

FIG. 2 is a block diagram of the water quality monitoring
apparatus.

FIG. 3 is a flowchart showing control of the water quality
monitoring apparatus.

FIG. 4 shows an overview of a different drinking water
supplying apparatus.

FIG. 5 is a block diagram of another water quality monitoring
apparatus.

FIG. 6 shows an overview of a floating water quality
monitoring apparatus.

FIG. 7 shows an overview of a boat-type water quality
monitoring apparatus.

DETAIL DESCRIPTION
[0009]

FIG. 1 shows how a water quality monitoring apparatus is
attached to a water tank installed on the rooftop of a building or the
like. FIG. 2 shows the overall construction of a water quality
monitoring apparatus 10. The water quality monitoring apparatus 10
includes an air quality analyzing unit 31 that detects, using an ion
mobility sensor 12, air quality in a space (or region) 9 that is at least
partially enclosed by a boundary surface (water surface) 3 of the
water 2 whose water quality is to be monitored and the wali(s) of a
water tank 1 that act as partition wall(s) and an alarm unit 32 that
outputs a signal indicating an abnormality if an air quality pattern
obtained by the air quality analyzing unit 31 is outside a tolerated
range of air quality patterns for air that contacts water to be
monitored.

[0010]



FIG 6 shows an overview of a floating water quality nonitoring apparatus.
FIG 7 shows an overview of a boat-type water quality nonitoring apparatus.
DETAI L DESCRI PTI ON [ 0009] FIG 41 shows how a water quality

nmoni toring apparatus is attached to a water tank installed on the rooftop
of a building or the like. FIG 2 shows the overall construction of a water
qual ity nonitoring appar at us 10. The water quality nonitoring apparatus 10
includes an air_quality analyzing unit 31 that detects, using an ion
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~~~~~~~~ [0012]
Accordingly, if measurement target constituents 4 that show

that the water 2 is contaminated are included in the sampling air 9a

obtained from the space 9 above the water surface, by analyzing the

air quality pattern, the water quality monitoring apparatus 10 can

determine an abnormality in the water quality at an early stage.

Although the water 2 to be monitored is drinking water or potable

water in this example, such water 2 may be industrial water, such as

purified water, or wastewater (effluent), and in most cases water

quality standards will exist for the water 2 to be monitored. The

result of measuring air quality (an air quality pattern) of air that



[ 0012] Accordingly, if measurenent target constituents 4 that show
that the water 2 is contam nated are included in the sanpling air 9a

obtai ned fromthe space 9 above the wajer surface, by analyzing the air
quality pattern, the water quality nonitoring apparatus 10 can determ ne an
abnormelity in the water quality at an early stage. A though the water 2 to
be nmonitored is drinking water or potable water in this exanple, such water
2 may be industrial water, such as purified water, or wastewater
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target cd §tWﬁG@"r1?sat43 rrchrealiesstageds, the cheni cal substances (cheni cal
consti t ud®OsL4]nol ecul es, conpositions, or conpounds) to be neasured by the
ion nobility s@somathdhaf iarpropireg ¢he detaction peecipimre(&ndlysts, in the

sanpl i ng p"r'ebé?éh) bh"éthecwat@ﬁhaahb,e n\'i\@hftbrmlgt apﬁaﬁéﬁg POSSitel @aise grubbl e the
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pr onot es saapplingatir @a)dthatheontaices tBetwater. nbhis alsedpassibie tehubiblef i er
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with the Vater centrati on of
measur emfﬂ?a§HF tmé}ﬂﬁ V?BQE Yr@aEﬁchﬁrt 4afget conponents) 4 |n the

space. A0S 3]his, by dehum di fyl ng to reduce the nmoisture, it is possible
to increase thdtéateneffective for theewases gualibytmoaitgsing apparatus
to include a vaporization unit that promotes vaporization of the water

2 to be monitored and a dehumidifier unit that dehumidifies the air in
the space and supplies the air to the ion mobility sensor 12. By
promoting the vaporization of water, it is possible to transfer the
measurement target constituents 4 to the space together with the
water vapor (moisture) 2a and raise the concentration of the
measurement target constituents (measurement target components)
4 in the space. After this, by dehumidifying to reduce the moisture, it
is possible to increase the concentration of the measurement target



6 constituents 4 in the sanpling air (carrier gas) 9a supplied to the ion

nmobility sensor 12. [0016] The vaporization unit may include a unit

t hat pronotes vaporization using heat.g |f substances that vaporize or

subst ances whose concentrations change at different tenperatures are

included in the water 2 to be nonitored, the air quality pattern obtained

by the ion nDbiIity sensor 12 w | change according to the tenperature used
ter. 2. Accordin it is oss ble t t he wat er

fqﬁarﬁfg“zrétgtee i the SoRaRieg U (drsierbes) barsualicd 80 Enet o

vapor i zatm@b”llm sengel b2r quality patterns. The vapor| zation unit may
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passi ng wahkgr ¢balitygbyasseicating infdrenationaorv ¢theelater femeetatlre) obqui pped
with porqpe \b@p@ﬂﬁéﬁ{ohﬂmlﬁ ,and aIqu@@ﬁW bb@tetrﬁseashéwmmudm@mt

vapori zat{,89 iAtRfd 5 aI I S%@ﬁqull];%tmcent ration
f th

it Rl e@g&ﬂ% N é%shg*és%g R

concent r &0i YAPYHZedY r%‘ amr G REUAGS aNY 4| éré qf PP 'eton

const i tuéhﬁsOWQfa@an@cV‘é'lﬁme&'téﬁﬁj Qwid @@US@NCiOQQ)'thé“? on nobility

sensor lianclsidesk meehanicajusiparyzation hsingatdtraseaicryibradtan ardébew t h

noi st ur e like & effatdveéhat is close to saturation, by dehum difying using a
net hod wepa 71t is dlfflcult for other constituents to be adsorbed, it is

possi bIe to sump‘r Bﬁeﬁﬁ % hS’e éa v?ﬁﬁ sOB heia# yr quality
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peak bec Yuent s

may be hl‘Qﬂ@I Ia B@ EuPPrRLs GO arRarUs &gl af'ﬁe rit that
it is pogAssirg watairtgeough o6 AteRBY Watersiena oesse! @irtpirgefiubedi fi ed air.
[0019] equippadtwithgbordies Bebmdiady fwallsuitiis passilble tmeaddyprgxpare nat eri al
such as gshel ¢@p@dkationaareal ecallphitedesisacd amel distebyeintyease thensuned by
regener atdd?i&enfﬁﬁhé’ﬁfﬂfrﬂh@ ﬁie%sd#@kﬁeﬁ@fafg%f%’cﬁaéfﬁdu%ﬁ&%éwdéa"ﬁf ke

relatlvegé ough eating or cooling with a Peltier elenent or the
i ke. v%%; i er unit nmay be equipped with 7 hygr oscopi ¢ boundary
wal | s, hygr oscopi ¢ f| | ms such as Nafjon egl stered trademark)

made by DuPont @ ERtrabiR £0 fYRPIMGESRRRING BIMPBWNRENtRRY air and the
sanpl i ng caincegdratiem of moisture 2a together with the measurement target

constituents 4 has increased via a dehumidifier unit to the ion
mobility sensor 12. Since the air quality in the space becomes
saturated with moisture or a state that is close to saturation, by
dehumidifying using a method where it is difficult for other
constituents to be adsorbed, it is possible to suppress the effect of
the moisture spectrum on the air quality pattern, which makes higher
precision monitoring possible. If the moisture peak becomes too
large, the peaks of the measurement target constituents may be
hidden or become difficult to detect. There is also the merit that it is
possible to purge the ion mobility sensor 12 with dehumidified air.
[0019]

Although the dehumidifier unit may be an adsorptive material
such as silica gel or a molecular sieve, time and energy are consumed
by regeneration. The dehumidifier unit may remove moisture by
lowering relative humidity through heating or cooling with a Peltier
element or the like. The dehumidifier unit may be equipped with



includes lots of noisture, continuous dehum dification is possible. [0020]
It is also possible to increase the concentration of the neasurenent target
constituents in the space 9 by returnimng and circulating the exhaust of the
ion nmobility sensor 12 that analyzes the sanpling air 9a to the space 9. A
unit that bubbles the exhaust of the ion nmobility sensor 12 through the
water 2 may al so be provided. It is possible to increase the contained

per cent age of con_st tuents t ha ect r qualit | ow concentrations
P e o aToscoRIs bOHPARRY Ml ios EXRTDIE: BYGReSIaRic FIRIS S ESI0sal bl 6.
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[0021]
It is also effective for the water quality monitoring apparatus
to include a reaction unit that samples the water 2 and supplies a
product gas produced by causing a reaction with the water 2 sampled
and a reagent to the ion mobility sensor 12. By replacing
constituents that affect water quality at low concentrations and
constituents that are difficult to ionize with other constituents that are
easy for an ion mobility sensor to detect, it is possible to monitor with
even higher precision.
[0022]
It is also effective for the water quality monitoring apparatus
to include a sampling unit that samples water from a plurality of
different depths and forms a plurality of spaces 9. It becomes
possible to monitor not only the water quality of water at the surface
but also the water quality of water at a deep level.
[0023]
As described below, one example of a water quality monitoring
apparatus monitors water quality in a water tank. By installing a
water quality monitoring apparatus at an appropriate location inside a
water tank, it is possible to monitor not only the quality of the stored
water but also the environment inside the water tank. It is also
desirable to further include a transmission unit that transmits the
output of an alarm unit to a manager (or managing organization) of
the water tank. Such manager is capable of automatically monitoring
water tanks at respective locations.
[0024]
Another example of a water quality monitoring apparatus
monitors water quality while floating on the water. A device that
floats on water may have a position that is fixed using a buoy or the
like or may monitor water quality while moving on a predetermined
course using an autonomous movement mechanism such as a
propeller or using an external movement mechanism. It is desirable
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tank 1 ‘“"bﬁiﬁar‘aﬁ@s"ﬁ 8hdatd Water quality monitoring apparatus 10 is
disposed in the space (region) 9 surrounded by the water surface 3,
the side wall 1b, and the ceiling 1c inside the water tank 1. The
water quality monitoring apparatus 10 is typically attached above an
overflow level of the side wall 1b of the water tank 1 or to the ceiling
1c. The space 9 inside the water tank 1 where the water quality
monitoring apparatus 10 is attached is a space that is enclosed by the
water surface 3 that is the boundary surface with the drinking water



nmoni toring apparatus 10 is attached is a space that is enclosed by the

wat er surface 3 that is the boundary surface with the drinking water 9 2,
the side wall Ib and the ceiling Ic, apd although there are parts such as
an overflow (not shown) and an i nspection opening id that are open or can
be opened to the outside, the space 9 is substantially or effectively an
encl osed space. [0028] The suppl yi ng apparatus 60 further includes a
solar cell 21 that supplies power and is installed outside the water tank 1
and a comnifiesideowadintlerangd p3e cgiling dgc RNsbalibeeghsthriiengre Pafteted to the
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e€n the i oni zed substances
The wat er noni toring apparatus 10 includes an ion nobility sensor
12 cal l ed a FAFYS. (Zsbpwsaiarawveral cpafigusakionodl diwatey @pelityr oneter) or
a DVS ( Dirhbeitemingbpiabatus 1 03y avay ftae bjockAdiqgrann onEhewdtamsor ,
her ei naf tqualitgf wioretbrivg igppgaens!1 AmMAWYES)a pdnwd (Fam sbliower) nputs i oni zed
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her ei naf tbasexd opl the' ¥ha)ysimaesultornpeedanimobility sensor (ion mobility
spectrometer) 12 is a sensor that ionizes the substances (molecules)
in air and outputs a spectrum (output pattern, air quality pattern)
based on differences in mobility between the ionized substances. The
water quality monitoring apparatus 10 includes an ion mobility sensor
12 called a FAIMS (Field Asymmetric Waveform Ion Mobility
Spectrometer) or a DMS (Differential Mobility Spectrometer). A
spectrometer (sensor, hereinafter referred to in general as "DMS"”) 12
of this type inputs ionized molecular flows into an asymmetrical
electric field that changes from high voltage to low voltage and
outputs the result of filtering such flows based on ion mobility in an
electric field. A “microDMx” made by SIONEX and a FAIMS device
made by OWLSTONE can be given as examples of compact DMS 12
that are commercially available.
[0030]

In the DMS 12, a differential voltage (or “AC voltage”, “electric

field voltage Vrf”, hereinafter simply “Vf”) and a compensation



10 voltage (or "DC vol tage", hereinafter sinply "Ve) that control the
electric field are changed to alternately and asymmetrically switch between
a high electric field and a |l ow el ectygc field. By doing so, during flight,
chem cal substances aside fromtarget substances collide with the

el ectrodes (plates) that generate the electric field so that plus ions and
m nus ions lose their electric charge and are not detected. On the other
hand, if the conditions of the voltage Vf and ¢t tage Vc are
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abnormal i naI and a function 36 that selects and/or corrects the
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surface 3 méWddément company, or the like via a wired connection. The
transmission unit 39 may be capable of communication using a
communication system such as a mobile telephone network or a
wireless LAN. The transmission unit 39 may be a
transmission/reception unit and may be used to remotely monitor the
water quality monitoring apparatus 10 and/or to update the patterns
for comparison purposes stored in the database in the memory 40.
[0033]



The nenory (database) 40 includes normal air quality patterns 46 obtai ned
in a state in which normal air is contacting the surface of water of a
suitable water quality as drinking wajger, precarious (caution needed) air
quality patterns 47 obtained in a state in which air is contacting the
surface of water that is drinkable but cannot be said to be optiml, and
abnormal (dangerous) air quali ty patterns 48 obtained in a state where air
contacts the surface of water of a water quality that is not drinkable. The
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[ 0040] In this way, in the water quality nonitoring apparatus 10, by
obtaining the air quality pattern 41 for the space 9 above the water
~surface 3, it is possible to detect tfip water quality of the water 2 13
stored in the water tank 1 indirectly but with high precision and al so
possible to output an abnormality. By correcting the patterns 45 to be
conpared according to environnental conditions, such as the tenperature and
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patterns rigf , in step 55 the alarmunit 32 carrles out a normallty

rocessi lity inside
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of peak described above or unknown molecules are included as the

measurement target constituents 4 in the sampling air 9a, such

molecules are ionized and the air quality pattern 41 including

information relating to all of such ionized molecules is outputted. In

addition, the space 9 is effectively sealed (enclosed) so that

evaporant from the water surface 3 accumulates and becomes

concentrated. For this reason, if a cause of a precarious or abnormal

state is present in the water 2 and the space 9, the air quality pattern

41 obtained from the space 9 will differ to the normal air quality

patterns 46. Accordingly, if the air quality pattern 41 differs to the

normal air quality patterns 46, by setting such state as “precarious”

or “abnormal”, it is possible to precisely monitor water quality.

[0040]

In this way, in the water quality monitoring apparatus 10, by
obtaining the air quality pattern 41 for the space 9 above the water
surface 3, it is possible to detect the water quality of the water 2



14 positions, heights, wdths, and peak shifts included in the air quality
pattern when the voltages Vf and Vc of the DM5S 12 have been changed. Such
determ nation includes a conparison Wgh the air quality patterns 46 to 48
provi ded in advance, including changing the air quality pattern by changi ng
t he concentration of the measurenment target constituents in the sanpling
air 9a as described bel ow and/or controlling the tenperature and humdity.
[ 0044] In step 53, if the obtained air ?galrty pattern 41

t
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e T réirgrs gy dPth t&ﬁ SR d%‘taBés@‘ﬁ(YESﬁ Eétes@erng{ mal air
pr oducedaﬁg (ﬁﬁ%k ;@%@%ﬁa é‘gu% % a%h?gtﬁgé nr?ea%cor dance
with theW di ? ‘_’l' r 56‘\ n

abnor mal |ctqte5me@§sto| e sbsppreaal Bp b%pr@rargotiﬁe enjﬁdrlﬁansat tdhaing y
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wat er su@mlagnepbans&ms 60 includes a sanpling line (tube or pipe) 15
t hat sandlOft24at er from an appropriate depth in the drinking water 2 bel ow

the water surfagre Warad qud Klm@ntﬁmr@aplperams HO® megyebeguradvitigdnoni t ori ng
22%; glt usyitRan AhaiSeuAie (Bh&l Is)'i_ts fUHc?@ﬁDtth%B |&éntrhés%akarﬁt‘ch|€éurfjt2§ .
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15 resul tdet@rmmmmﬁaesee@ﬁrcet@raater 2 reacting with reagents 66 and/or 67
to the DNBOUZB] a dehum difier unit (dehumdifier) 68 that dehum difies the
air in the Spaﬁ@@@h@h@ah%\fema@ﬁm@ robesBihgdsly 8hd watgd i es the air
o Q; te t(;(ﬁJr ates%ibt/ By S@ﬁ §Fowfart. " 18'pepipd to the
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descripti siyed G acguire the air quali ern

the sampling air 9a In step 52, the alarm unit 32 determines

whether the obtained air quality pattern 41 matches or corresponds

to one of the air quality patterns 46 to 48 provided in advance in the

database 40 or a pattern produced by correcting such air quality

patterns 46 to 48 according to temperature and humidity. If none of

the patterns match, in step 55 the alarm unit 32 carries out

abnormality processing for an abnormality in the water quality or an

abnormality inside the water tank 1. The abnormality processing

includes wireless transmission of an abnormality signal (red signal)

via the RF unit 39 to a management company and/or closing the

emergency shutoff valve 7. The determination of whether there is a

corresponding or matching pattern includes a comparison of peak



[ 0047] By forcibly vaporizing the water 2, the vaporization unit 63
i ncludes (mxes) inpurities or gas of a | ow concentration included in the
water 2 into the sanpling air 9a suppjf4ed to the DM5 12. By doing so, it is
possible to increase the influence on water quality in the air quality
pattern 41 obtained by the DVMS 12. [0048] Purge and trap is known as
a method of concentrating volatile substances in water. In this nethod, the
sanpl ed mater i s bubbled using an inert gas and vol atile substapces are

col | ect edqsitiang, Bpighfise Wigther andireak ﬁg'fﬁ pded insthexgire@uatty el ease
t he adsorpaitecomdien teatvoltages Hémldyvcmfcfé‘rﬁ % thbavel beeme constituents
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atWk&,8Res ‘6‘?" water 2 in the sanpling air 9a
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qual ity nore adowstepedby, ifAihe qbtainey piatquality pattenhetl coeraspomdszati on
unit 63 apesmhtstchiey the noavalledr guatity patterns 46 rdatidddse aﬁtﬁ/emnia the air
qual ity nﬁtﬂq%raaf’ébazi@ apneda a&éﬁh di‘s%e Eer eﬁlevali Buatiep air
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In step 54, if the obtained air quality pattern 41 corresponds
to or matches the abnormal air quality patterns 48 provided in
advance in the database 40 or a pattern produced by correcting the
abnormal air quality patterns 48 in accordance with the temperature
and humidity, the alarm unit 32 carries out an abnormality process in
step 55. By providing the abnormal air quality patterns 48 in the
database 40, it is possible for the alarm unit 32 to determine that a
known danger is present and if the known danger has been
established, it is possible to actively carry out the abnormality
processing.

[0046]

FIG. 4 shows a drinking water supplying apparatus 60 where a
different water quality monitoring apparatus 10a is installed in the
water tank 1. Also, FIG. 5 shows the overall configuration of the
water quality monitoring apparatus 10a by way of a block diagram.
The drinking water supplying apparatus 60 includes a sampling line
(tube or pipe) 15 that samples water from an appropriate depth in
the drinking water 2 below the water surface 3 and supplies the
sample to the water quality monitoring apparatus 10a. As shown in
FIG. 5, in addition to the DMS 12 and the control unit 30, the water
quality monitoring apparatus 10a includes a pump 61 that samples
the water 2 via the sampling line 15, a vaporization unit (vaporizer)
63 that forcibly vaporizes the sampled water 2 and supplies the vapor
to the DMS 12, a reaction unit (reactor) 65 that supplies product gas



using the DV5 12. It is also possible to continue heating after the water 2
has been vaporized so as to vaporize the evaporation residue or to oxidize
and then vaporize the evaporation resjgue. Accordingly, it is possible to
m x such evaporant or oxide fromthe vaporization unit 63 in the air
supplied to the DV5 12 so that constituents contained in the water 2 can be
detected nuch nore precisely using the DVS 12. [0051] The reaction
unit 65 introduces reagents 66 and/or _67 with a _controlled anount and
concent r dESHRINGfEoMhE&g8BIPI2d: Wateiddeachivgc Witdh reRgantheocymdAar uent s
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[ 0054] 049 The alarmunit 32 e water quality nonitoring apparatus

10a i ncl udes control ,unit, 38 that._contro per. states of
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[ 0055] FIG 6 shows yet another water quality nonitoring apparatus.
Such water quality nonitoring apparatus 70 is a type that floats on the
wat er surface 3 and includes a float {gng (float) 71 for providing buoyancy
to keep the entire water quality nonitoring apparatus 70 above the water
and a partition wall (shell) 73 made of netal or plastic or the Iike that
covers the water surface 3. The water quality nonitoring appar atus 70

i ncludes a nonitoring unit 79ew8§_gvv|ththefu ctions Ee wat er
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It is possigetieet with thalmbéstuhe ZxhactordfnglpeittdEdégirabld fotethe

dehumidifier unit 68 to use a non-adsorption method. One example

of a non-adsorption method is to heat the air using a heater to lower

the relative humidity. Another example of a simple non-adsorption

method is a method that dehumidifies by cooling the air using a

Peltier element and then heats with a heater to obtain a constant

dryness.

[0053]

By dehumidifying the sampling air 9a of the space 9 above the
water surface 3 and supplying the sampling air 9a to the DMS 12, if
measurement target constituents 4 whose peaks coincide with the
moisture 2a in an air quality pattern are included in the sampling air
9a, there will be higher probability that such measurement target
constituents 4 can be distinguished. By detecting air with different
humidity using the DMS 12, from the drift in peaks included in the air
quality pattern 41 due to the differences in humidity, it is possible to



in the nonitoring unit 79 to the internal space 9 or to circulate via the
bubbling unit 76 to the internal space 9. This makes it possible to raise

t he concentration of the measurenent %ﬁrget constituents in the internal
space 9. On the other hand, there is e possibility that it will becone
difficult to reflect changes in the water quality bel ow the water surface 3
in the sanpling air 9a obtained fromthe internal space 9. Accordingly, it
is desirable to regularly replace the internal space 9 with outside air
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intake opening 19 closer to the water surface 3. This means it is

possible to judge the water quality in a shorter time.

[0056]

The water quality monitoring apparatus 70 includes a
vaporization unit (vaporizer) 75 suspended below the water surface.



20 surface of the vaporization tube 85b is the boundary surface 3 for the
wat er 2 and the space 9. [0064] Exanpl es of the vaporization tube
85b include a porous glass tube, a pofgus ceram c tube, and a hollow fiber
filter with many pores of a suitable pore dianeter. By adjusting the Iength
(pi pe length) and dianeter of the vaporization tube 85b, the water 2 is
vaporized relative to the volunme of the space 9 in the chanber 85a and it

is possible to increase the area that rel eases the nmeasurement target

const i t udmesvapprigptigadunit £h&oxgibbr vapopigesthenyeler 2tin the)segion e to
i ncr ease drispaamn@dnsidd tha sbkllt h2. nkiypicateaporizagin cois7btigeam s 4

i ncl uded (ltrakbaics amratoo odid heatielg eélkenepaeach.ad 8dtédter. The The

vapor i Za% i’iﬂ%or%n‘ 95udaget &€ tc%nsfiéhtfd"ﬁtarﬁ@nédéﬁﬁ\ tfeni eRBer ature of

Lhe i nsi %.éﬁee@gs& ¢ E@?o%%ﬁi@ ﬁly G 240, (ube
and a Eeatnﬁ nér ol é tro g t he

chanber @f g [5 EaAE c? ?Ols \éﬁﬁ@r e

i stureCQzE‘Sf:@U?BFﬁTécFoaH%ﬁﬂ'P@ ﬁ&e@s r?scf:f*‘m‘é §Qf'

vapor i zedomcensraigstde rrssya&w‘emgenhéaxgqioem%mﬁt@mt&ﬂoéhesbeﬂeﬁt me pOSS| bl e

to form avatatequalpty inztheé spaaechinsiderthecbhetbét3.85a t hat has a snal |

capaci ty [gos7jossi bl e to reduce the area controlled by the heater 85h.

Accordingly, 'frHeSw%%ée/ h%n ig’imt& 55 8Fé&i§‘79%l’s§ﬁﬁ€rﬁé§8

(vaporl 23@% ncgfﬂ 15 efaf “Naters r@ée Bgspe L he

t enper at 0 uni I SS \J

cogtl t udlt & %,IP(}( c@gﬁ'ﬁ i BF g‘q 2?9%5%| lity
sensor 12if gh b@m ds isHppdiesk tQ Haadat erﬂ@é SRECEr

cont i nuowdie)l ZappThecsanyplnm@ adePpl isrey priigd Somothehintespalt saacedht@ ube 85b.
It is pothedDMS ¢ionemubility kgnbol)d12hef thee enoRitoringhenitap®r i Hae i@m t ube
85b, to Qﬁ@Bu&ytée&ugo&ppzlr?éédsoa c‘efwéfhtammmgag tbr@mwuyzabmn

temper gts %add“ﬁg aerible agfobagi Bésod‘\%rt 4f8po n{*éf@}ﬁe% @rcggggﬁgl ; :
t he DMS a%{:g é s t{t‘é %régﬁf Za 8 |eon %‘be

expel | ed SIMAYK eamtrgqu% i'gkP @%(ﬁpa&ﬁf CtH9 ?h‘?he wat er
2. [0066]Possibility that aaﬂmrmentéatlglmqu m%asw@muﬂmatarg%t the sanpl i ng
air 9a i monstiédeents mtberinBatnal spadecd wilendt peapomeasufficientiyphighd and a
dehuni di fByesubpbfng hubbigidabkestnah sideo the inbermedrspite 9T leisdehumi di fi er

tube 87b ﬂd‘s%'ibléet% Htragdsethk! (Y(ﬂ"léérﬁt%ﬂbﬂr@mthéﬂmé@éure(rﬁéhﬂftéfget/\/a| l) and by

passing t ough the dehum difier tube 87b, noisture in
t he sanpld é?)%Sﬁ%HB gé]% ;L‘hé Cteegéto t he outS| de dry air 88a via the

adsor pti \IQ unf er enj wal | of t hum d| jer t result,
t he mF))| sture i ﬁ {$eossi ‘?l ACiEEYlaty F§ Ql‘gg gt'ﬂ%‘”@%ﬁﬂl ing air
9a may paBdheomaqdtoring unit 79 to the mternal space 9 orto cwculate via t

bubbling unit 76 to the internal space 9. This makes it possible to

raise the concentration of the measurement target constituents in the

internal space 9. On the other hand, there is the possibility that it

will become difficult to reflect changes in the water quality below the

water surface 3 in the sampling air 9a obtained from the internal

space 9. Accordingly, it is desirable to regularly replace the internal

space 9 with outside air (fresh air) or to appropriately control the

proportions of exhaust (return air) of the DMS 12 and fresh air.

[0059]

Since the water quality monitoring apparatus 70 is a type that

floats on the water surface 3, it is possible to omit the job of

attachment to the inner wall of the water tank 1. Also, by attaching

to an appropriate anchor, it is possible to float the water quality

monitoring apparatus 70 on running water and thereby monitor the

water quality of running water (stream). Accordingly, this is also

suited to monitoring water quality at an outlet or outflow of a

wastewater treatment system.



21 chanber 87a and the dry air 88a may pass to the dehum difier tube 87b.
[0067] One exanple of the dehum difier tube 87b is a tube (pipe) nmade from
Nafion (registered tradenmark) nmanuf ac%gred by DuPont. Such tube is capable
of selectively renoving the noisture 2a included in the sanpling air 9a and
suppressing a drop in the concentration of the neasurenent target
constituents 4 in the sanpling air 9a due to the neasurenent target
constituents 4 being renoved together with the noisture 2a. Since it is
possi bl e [00€0]sonme constituents will be renoved together with the noisture
2a, it is effefIGve thowlsspetianotheleatediquatity ahoaitoriveg appainatusuch as a
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measur i nguppy eaumess8 iofrdryAaic 884 ,ngihg theheontarok uniudi t Theawmentsel ng
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center or,f éh5 rL Q%ﬁﬂ %%Eco?%tméﬂnb' ea%cf ghanction as a

robot thal f
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wat er que[IQQEyl]l n a w de body of wat er such as a | ake or a bay using the
water quality i respediappater @ndPzing aoitsty3 istludet doaparizatioal ity
moni t or i nehiaBRERELSa8Brizet the csifsdtedevbtemn@rtio prodinee vhé evamphlhgty i nside

or in thepey RNgaY QpAgHi whit'se thritSSupdlROthe carrier gas 9b to the
vaporization unit 85, a dehumidifying unit 87 that dehumidifies the
sampling air 9a, and a DMS (ion mobility sensor) 12 that measures
the measurement target constituents included in the dehumidified
sampling air 9a. The dry air 88a that is fresh air and exhaust air 12a
of the ion mobility sensor 12 that is return air are supplied to the gas
supplying unit 86, the gas supplying unit 86 is equipped with a
function for selecting the dry air 88a and the DMS exhaust 12a and a
function for adjusting the mixing ratio of the respective gases. By
supplying the DMS exhaust 12a to the vaporization unit 85, it is
possible to produce sampling air 9a with a high concentration of
measurement target constituents 4 and to monitor the water quality
with high precision. By supplying fresh dry air 88a to the
vaporization unit 85, it is possible to monitor water quality in real
time.
[0062]

The control unit 30 includes a function for controlling switching
and the mixing ratio of the gas supplying unit 86, and controls the
conditions of the carrier gas supplied to the vaporization unit 85
according to a schedule set in advance, the results obtained by the
water analyzing units 83, or the like.

[0063]

The vaporization unit 85 includes a chamber 85a and a
vaporization tube 85b equipped with a porous circumferential wall
(boundary wall) that is enclosed inside the chamber 85a. The water
2 collected by the sampling pump 84 is supplied to the vaporization
tube 85b and the measurement target constituents 4 included in the
water 2 are released via the vaporization tube 85b to the space 9
‘inside the chamber 85a with the moisture 2a. Accordingly, the



Not e that such water quality nonitoring apparatuses 10, 10a, 70, and 80 are
nmere exanples. The ion nobility sensor 12 of the water quality nonitoring
apparatus nmay be a sensor systemthatyfs connected to another type of
sensor or the sanme or a different type of DMS. For exanple, it is possible
to conmbine with gas chromatography (GC). The ion nmobility sensor 12 is not
limted to a DM5 and nay be another type of I M5 such as a TOFIMS, FTIR, or
a conbi nation of such DM5. The water quality nonitoring apparatus may be
equi pped s\urfacemﬁtln@rvmszatlctm&ubae&%@ﬂ% thathaundany syrfage dher Ekampl e, a
pH noni ttwatear 2 and thespace @r a radi ati on neasurenent unit. 22 [0071]

Al so, dewar)i bed above, although the present invention has nmainly been
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The vaporization unit 85 includes a heater 85h that controls
the temperature of the inside of the chamber 85a or the temperature
of the vaporization tube 85b and a heater control unit 85i that
controls the heater 85h. In the chamber 85a, it is possible to control
the temperature at which the moisture 2a is formed and the
measurement target constituents 4 are vaporized or released. By
using the vaporization tube 85b, it is possible to form a wide
vaporization area in the chamber 85a that has a small capacity and
possible to reduce the area controlled by the heater 85h. Accordingly,
it is easy to control the vaporization temperature (vaporization
conditions) of the vaporization unit 85. By changing the temperature
of the vaporization unit 85, it is possible to change the constituents
released from the water 2 and possible for the ion mobility sensor 12
to grasp such changes in constituents. The water 2 may be
continuously supplied by the sampling pump 84 to the vaporization
tube 85b. It is possible to temporarily hold the water 2 in the
vaporization tube 85b, to change the vaporization conditions such as
the vaporization temperature inside the chamber 85a over time, and
to measure the changes in the measurement target constituents 4
released inside the chamber 85a using the DMS 12. The water 2 that
has passed the vaporization tube 85a is expelled in the aft direction
so as to not affect the sampling of the water 2.

[0066]

The dehumidifier unit 87 that dehumidifies the sampling air 9a
includes a chamber 87a to which the dry air 88a is supplied and a
dehumidifier tube 87b installed inside the chamber 87a. The
dehumidifier tube 87b includes an adsorptive circumferential wall
(boundary wall) and by passing the sampling air 9a through the
dehumidifier tube 87b, moisture in the sampling air 9a is emitted to
the outside dry air 88a via the adsorptive circumferential wall of the
dehumidifier tube 87b. As a result, the moisture in the sampling air
9a is removed. Contrary, the sampling air 9a may pass to the



2. The water quality nonitoring apparatus according to claim1, further

conpri si ng: a vapori zation unit t hat pronotes vaporization of the
water to be nonitored; and d%gum difier unit that dehum difies air
in the space and supplles the air to the ion nmobility sensor. 3. The water

quality nonitoring apparatus according to claim2, wherein the vaporization
unit includes a porous partition wall that forns the boundary surface. 4.
The water quality nonitoring apparatus according to claim2 or 3, wherein

t he dehurdh@imber 87s andridieudes air BSgroayopass b@?ﬁhaaﬁl@hu\mndlﬂes tubee wat er
qual ity r8/b.toring apparatus according to any of claiml to 4,
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the moisture 2a. Since it is possible that some constituents will be

removed together with the moisture 2a, it is effective to also use a

dehumidifier of another method such as a Peltier element and to

switch according to time division.

[0068]

The dehumidified sampling air 9a is supplied to the DMS 12
and the air quality pattern 41 of the sampling air 9a is obtained. The
air quality patterns 41 of the respective water analyzing units 83 are
supplied to the control unit 30 and the water quality at the respective
depths is judged. Such water quality monitoring apparatus 80
includes a GPS unit 25 and is capable of measuring its own position.
Accordingly, the water quality monitoring apparatus 80 transmits the
position where water quality was monitored together with the water
quality at the respective depths to a monitoring center or the like.
[0069]

The control unit 30 includes a function as a robot that
monitors the water quality while moving on a lake surface or a sea
surface in accordance with a predetermined route based on the
position measured by the GPS unit 25. This means that it is possible
to monitor the water quality in a wide body of water such as a lake or
a bay using the water quality monitoring apparatus 80. Also, by
using the water quality monitoring apparatus 80, it is possible to
monitor the water quality inside or in the periphery of aquaculture
pens.

[0070]

Note that such water quality monitoring apparatuses 10, 10a,
70, and 80 are mere examples. The ion mobility sensor 12 of the
water quality monitoring apparatus may be a sensor system that is
connected to another type of sensor or the same or a different type
of DMS. For example, it is possible to combine with gas
chromatography (GC). The ion mobility sensor 12 is not limited to a
DMS and may be another type of IMS, such as a TOFIMS, FTIR, or a
combination of such DMS. The water quality monitoring apparatus
may be equipped with another sensor that detects water quality, as
one example, a pH monitor, a turbidimeter, or a radiation
measurement unit.



to 7, 24 further conprising a sanpling unit that sanples water at a
plurality of different depths and forns a plurality of spaces. 9. The
water quality nonitoring apparatus acggrding to any of claim1l to 8,
wherein the space is inside a water tank that stores the water to be
nonitored. 10. The water quality nonitoring apparatus according to any of

claim1l to 8, further conprising a unit that causes the water
quality nmonitoring apparatus to float on water. 11. The water quality
noni t ori aratus according to any of claim1 to 10, further conprising
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wastewater, effluent, river water, sea water, pure water, ultra-pure

water, or the like.



wherein the transm ssion unit transmts the output including position
information of the water quality nonitoring apparatus. 13. The water

qgqual ity nonitoring apparatus accordin§3to any of claim1 to 12,

wherein the alarmunit outputs a warning signal if the air quality pattern
obtained by the water quality nonitoring apparatus is within a tol erated
range for air quality patterns that contact the water but is outside a
normal range. 14. The water quality nonitoring apparatus according to any
of claim1 to 13, wherein t IMBm unit includes a unit that
changes the tol erated range according to an output of a sensor that

measur es ﬁlewaﬂutwmutMﬁg dpisdrdeus vorapAging: 15. A water quality
moni toring met by gr%zm% unlfj?ﬁ Hb?@ct%' fu Ia'nt gn HbBGiEEn | on

b Ay B
Bart?tl grpéjﬁii%ng \Aﬁ;%m% a o4 Wﬁ%\ga%aél?%i g ?d’ﬁ% e$gga doﬁlt (pj)u'zle

pattern ds torke npanivared i 8dsensor is outside a toI erated range for air
qual ity patter@n alam caoit Hhat obtpukst arsignabindicatingrast abresmalityTifie wat er
qual i ty ramatrogualityrpabietnacistaided by oheladr guabity analyziniguuhhteis conpri si ng
out put t i 8@ BNIIEratedN@ndd féMairoghaNity Pétﬂe?h@ dfsairitht tonthetsr at ed
Lgpgel f(r);th@ Jvaf’é'la{:(‘)tb% RSyt hat contact the water but is outside a
ma
2. The water quality monitoring apparatus according to claim 1,
further comprising:
a vaporization unit that promotes vaporization of the water to
be monitored; and
a dehumidifier unit that dehumidifies air in the space and
supplies the air to the ion mobility sensor.

3. The water quality monitoring apparatus according to claim 2,
wherein the vaporization unit includes a porous partition wall
that forms the boundary surface.

4. The water quality monitoring apparatus according to claim 2 or 3,
wherein the dehumidifier unit includes a hygroscopic boundary
wall.

5. The water quality monitoring apparatus according to any of claim 1
to 4,

further comprising a circulation unit that returns an exhaust of
the ion mobility sensor to the space.

6. The water quality monitoring apparatus according to claim 5,
wherein the circulation unit includes a unit that bubbles the
water using the exhaust.

7. The water quality monitoring apparatus according to any of claim 1
to 6,

further comprising a reaction unit that supplies a product gas
produced by causing the water to be monitored to react with a
reagent to the ion mobility sensor.

8. The water quality monitoring apparatus according to any of claim 1
to 7,
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further comprising a sampling unit that samples water at a
plurality of different depths and forms a plurality of spaces.

9. The water quality monitoring apparatus according to any of claim 1
to 8,

wherein the space is inside a water tank that stores the water
to be monitored.

10. The water quality monitoring apparatus according to any of claim
1to8,

further comprising a unit that causes the water quality
monitoring apparatus to float on water.

11. The water quality monitoring apparatus according to any of claim
1to 10,

further comprising a transmission unit that transmits an
output of the alarm unit to a manager of the water to be monitored.

12. The water quality monitoring apparatus according to claim 11,
further comprising a positioning unit that detects a position of
the water quality monitoring apparatus,
wherein the transmission unit transmits the output including
position information of the water quality monitoring apparatus.

13. The water quality monitoring apparatus according to any of claim
1to 12,

wherein the alarm unit outputs a warning signal if the air
quality pattern obtained by the water quality monitoring apparatus is
within a tolerated range for air quality patterns that contact the water
but is outside a normal range.

14. The water quality monitoring apparatus according to any of claim
1to 13,

wherein the alarm unit includes a unit that changes the
tolerated range according to an output of a sensor that measures
environmental conditions inside the space.

15. A water quality monitoring method comprising:
detecting air quality, using an ion mobility sensor, in a space
that is at least partially enclosed by a boundary surface with water
whose water quality is to be monitored and a partition wall; and
outputting an abnormality signal if an output pattern of the ion
mobility sensor is outside a tolerated range for air quality patterns
that contact the water to be monitored.



25

16. The water quality monitoring method according to claim 15,

further comprising outputting a warning signal if the output
pattern is within a tolerated range for air quality patterns that contact
the water but is outside a normal range.



