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i nvention concerns a testing systemfor continuous
sanpling and testing of effluent at a water treatnent
pl ant. Background of the Invention Integrated sanpling
and nonitoring systens for waste chem cal treatnent
processes are not avail abl e; However, basic chem cal
anal ysis and sanpling systens exist. US 4,108, 602

[ Hanson] and US 5, 029, 484 [ Soners] di scl ose such
syttigns. Hanson di scl oses an automated sanpl e changi ng
chem cal anal ysi s syst&Wediimg Systeguenti ally anal yzing a
series of sanples such as pharnaceutical chem cal

sanpl es. A pressure/vacuum source w t hdraws each
safeshoicakRieldi t s respective source in sequence through
a sanple selector valve and transports the sanple to

<pltec P e 3 ting g fo GROAT barditi oA 1ind .

s aafflest 4t @ wates treamedi@lanhr ough t he same sel ector val ve
and purges the flow cell and conduits back to the
sanpl e source. Each sanple is drawn by vacuum from

i {Backgroppd of hedasAti®he sel ector valve into the flow

cell. The entire sanple is returned after analysis by
ai Integrated ssamplibgcdndt mooitayihg t systemie| for t wastey ghemsicelo reg@meple
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Msgstémgorous filter stop nmeans is enployed to protect
the pressure/vacuum source fromsystemliquids. This
al so is used to accurately neasure the quantity of

diHeneam dsciees @B UMY SRR KON CHOIFR SCIRIT System dor

t Qedehialy ZPalytihp | Series dfheampBS auybtasnphionesutical chemical -
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Tiseureinseaynjcel tveugh 2 samplesssissionvalye ang tanerpgr the-semplA g

t R RAWEdN 510k SRMIES ahalgser tshéh 8 umUNVOsafradt@meict.He then

orr)e%rlr% gl[ orfpra?trgf the sample to its source through the same selector valve and
purges the flow cell and conduits back to the sample source. Each sample is drawn
by vacuum from its source through the selector valve into the flow cell. The entire
sarhple is returned after analysis by air pressure back through the selector valve to
the source. Alternatively, diluents or a reagent is mixed with the sample in an
intermediate step to bring the sarnplé within the testing range of the analyzer.
Miero-porous filter stop means is employed to protect the pressurg/vacuum source
from system liquids. This also is used to accurately measure the quantity of

diluents or reagent to be mixed with the sample, and to minimize bubbles in the

system.

Somers discloses a device and method for collecting a representative sample of
hazarddus fluid from a drum. The sampling device is disposed without ever
removing the sampling device from the drum to safeguard the operator from
exposure to the hazardous fluid. The collected sample is moved by a slidable
plunger along the inner channel of a holiow tube toward a drainage opening while
the bottom of the tube remains immersed within the tank. A break-apart



sanple is noved by a slidable plunger along the inner
channel of a hollow tube toward a drai nage openi ng
while the bottomof the tube remains i mersed within
the tank. A break-apart 2 construction of the sanpling
devi ce enabl es separation between its i mersed and
enmergent portions. The tube remains i mersed to
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an adequat e range of environnental paraneters.
Summary of the Invention In a first preferred as ect
t hEheeprics apriowiaiedo sample @ @oeweeﬁﬁeffaﬁmwwm?fﬁy in an
S ARkt RAf ah8 Shathd iPéoniprédHeHEdly Rlcasursvah elieduatsatangen bf
pl antg the system conprising: 15 a sanpling systemto
coP’P"t—!ﬁ’Em%‘éﬂﬁgré‘g'e@fs the effluent; a nonitoring system

10 connected to the sanpling system for neasuring
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eng&ljg.&gme&tlﬁé,ngg,;tmeters of the sanples, the

nonrtori'ng systemconprising: a first anal ysis chanber
for measuring environnmental paranmeters of at |east
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anions in the samples using a plurality of ion selective electrodes {ISEs);

and
a third analysis chamber for measuring the concentration of heavy

metals in the samples using anode stripping voltammetry (ASV); and
a control system to control the collection of samples by the sampling
system, to control washing and rinsing of the analysis chambers, and to record the

measurements obtained by the monitoring system.

Advantageously, the present invention minimises contamination and reduces the

time taken to measure the samples.

The first, second and third analysis chambers may perform measurements

concurrently.
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contam nation and reduces the tinme taken to neasure
the sanples. 35 The first, second and third anal ysis
chanbers may perform neasurenents concurrently. 3 5
The sanples of the effluent may be collected from one
or nore treatnment tanks of sthe water treatnent plant.
The sanples may be col | ected sequentially. Each
chanmber may conprise a stirring devic ]

s afhs wanpleptnk thej efluentpay) t&?sﬁ°ﬁe°&ﬂﬁ‘§%é?"en°§§'¥°g%ﬁ‘]’bgr{‘?‘é@ Tanks of
t e{fR Vatth He@mPRtQRet. Thébamptdsanay@RRoillgstedisequeniiafituct i vi ty
probe, DO probe and turbidity probe, for measuring the
envi ronment al paraneters. 10 The ion sel?ctive

el Badhrobamber (MaBEePisg? stifipg devicedo fW 187 PHPISSSE, 1 uori de
| SE, cyanide ISE and a sulfide |ISE. The anode

stripping volt try (ASV). | \Y%
G nE B b R ol A AL one
el gobe, osbeductivityoprober D@| prohe et tuihiditg probee fsnpgasurng the

eleen‘\:/frgr%iﬁltal ?mgl@;gpl ing systemmay conprise: a first
sahpling nodule to direct a first sanple collected

froma first treatnment tank to the nonitoring system
Vi Phedioh adBiciivegelpiitodss dB8Hs)20ay iskide rad cieriel ISk finerigal I8E.
to ri.ns he saml i pipe with a second sanple for
unTVIaT"H%&‘Ftp"’fn talsgﬁlg%)‘gﬁghe first sanpling modul e. The
sanpl i ng nodul es may be connected by a sw tchover
Zoi'rﬁ{]hql'oge ¥iRbpiity voaaRetnS@ASR) isrp@rfg{j@ulbg aefnwisvmmpzfs ASV
i aphragm punm, 2 cross; SidcirbdeShing £ Peférence
di‘?qB@?égﬂyi m%?%gsmofkéngf’?%%%e’ﬁer ,n?éz?\ manual - control
vadleatrod@an i nl et sol enoid valve and an outlet solenoid
val ve. The punp may be actuated to rinse the sanpling
pLﬁg of the sagpling..npdules for a predeterm ned
t i e BEPIngPYSTREY CBTRYF ow nenbrane filter may haye
a menbrariet tsamblingcieogyler td direst 8 Bish samRle gllegted from a first
Pridehs {Ehﬁ‘?%@ﬁﬁf%ﬁﬁhﬁsﬁ@hﬁﬁéé ZanpliR@pipBl@ndoni tori ng

t th a titrat ] ,
AT 1 br & Ferond cecoing o 39 el o FRUHR, ¥ sccon

asgaaiptel for. until completion of the first sampling module.

The sampling modules may be connected by a switchover solenoid valve. Each
sampling module may comprise a diaphragm pump, a cross-flow membrane filter,
a differential pressure transmitter, a manual control valve, an inlet solenoid valve
and an outlet solenoid valve. The pump may be actuated to rinse the sampling pipe
of the sampling modules for a predetermined time period. The cross-flow
membrane filter may have a membrane to block particles larger than a

predetermined membrane hole size.

The monitoring system may further comprise a titration assembly, calibration

assembly, washing assembly and a disposal assembly.

The washing assembly may include a container containing a chemical cleaning
liquid. The chemical cleaning liquid may flow into any one of the chambers to wash
the respective chamber. The washing assembly may also include a container
containing clean water. After washing, the clean water may flow into any one of the
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containing a chemcal cleaning 35 . liquid. The
chem cal cleaning liquid may flow into any one of the
chanbers to wash the respective chanber. The washi ng
assenbly may al so include a container containing
clean water. After washing, sthe clean water may flow
into any one of the 4 chanbers to rinse the respective
chanber. Rinsing may be gerformad nor e thar&qgn tn
ATReE. FATRHALBBLLS PoilpReq Fore than
reggleve drainage of the 5 sanples, chem cal cleaning
liquid and clean water fromthe chanber s. The di sposal
tank may conprise a |l evel sw tch, diaphragm punp, and
s o1rhm disgbselodssersbly tmmydneledst a tdh’eosﬁhiﬁﬂk do frepepe E"’Fgﬁ of the

églg Nenbifi ciJJﬁﬁ'ngdh %ﬁt‘l c‘e@ﬁl@vaﬂafyfr@lﬁnﬂiéldhamaers The
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c oierasfl t@’?\‘éX‘a’r wgb%a \lﬁypllﬁw ,9“ a%P FRgm (ﬂu g so?e%g% valvds
betowited thie daingie tb & epdcifiemeatmentoani. @wadiispolsai tartkanayj ogprise a
| e%’o%};iﬁéﬂ?nﬁé&%?mgh haing # emod@)/to antf%@ ¥h'e\6?é| etvﬁlume in

rainage to t treat ment
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titration splution to the treatnent process
i nleYghE T’aé;gi"fﬁﬁ gt"%%beﬂg%l e? Descri ption of the
Drawi ngs An exanpl e of the invention will now be
deﬁf‘ert’it}%ﬁ& ‘c’l\ésbmbﬁl%ﬁf &ﬂﬁ[ﬁ‘:s&% &ch\&lneﬁﬁﬁ B6RMEM Yitritipn solution to

dr aw ngs, ?‘HF s{; t|s a bl ock di agram of
a %'@@??H’&Wgﬁe@ﬁ?rgﬁ?ﬁ ﬁ% § YR preferred
enbodl ment- of the invention; Figure 2 is a block

B Hpubl 61 R DrhAigsg System Figure 8 is an
|I ustration of a cross-flow nmenbrane filter to
produce particulate free sanples for the nonitoring
Syt emampld dfi thelrisvehtiors wilt dhewabé eldsaibdd witheveferengento e

cha .ing system Fi ure5isa
deafccn;qﬁ aaﬁﬁ%%’g‘\?ﬁ"%w o“ N %:/harrber Flg 6.1s Qerred
deftigre ddisse dockj diggrap th% t?%ﬂg St recy '"9 H‘8 the preferr

NYMboiFemf Sigsitventon; Fi gure 7 is a detailed top view of
the | SE chanber; Figure 8 is a detailed side view of
tmmsmm&ﬂiaglfamﬁ@qmmﬁpmﬁge@ystem 30 Figure 9

is a detailed top view of the

30

chanbe
Figure 3 is an illustration of a cross-flow membrane fllter to prdduce particulate-free

samples for the monitoring system;

Figure 4 is a detailed side view of the MF chamber of the monitoring system;

Figure 5 is a detailed top view of the MF chamber;

Figure 6 is a detailed side view of the ISE chamber of the monitoring sysiem;
Figure 7 is a detailed top view of the ISE chamber;

Figure 8 is a detailed side view of the HM chamber of the monitoring system;
Figure 9 is a detailed top view of the HM chamber;

Figure 10 is a detailed side view of the disposal tank; and

Figure 11 is a detailed top view of the disposal tank.
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tank; and Figure 11 is a detailed top view of the

di sposal tank. 5 Detailed Description of the Draw ngs
Referring to the drawi ngs, a testing system 10
generally conprising a nufti-stream sanpling system
20, a nonitoring system 40 gnd a control system80 is
provi ded. 5 The testing system 10 perforns online
testing of a urallb}/ Qf treatmant tanks 5in a
\A/apéﬁa"?‘f'éﬁ‘-’tcﬂ’é n ofi the, $ shown). The nul ti-stream
sanpling system 20 draws sanple solutions from

t r Bakenig to thadlayings,\A testing systérm 40 penerally carmprising ypigti-stream
S OLéin‘i'{JD g %:‘yos?e'}rﬁ?dj E%n&ﬁ?ﬁ%&&n A0Tahé b @bl risfialnr 86 lsqfovided.

ste O'in a

s o lesing S8 18 Redgmh ElDg fete H RV aNE oL {fgftment tanks 5 i

eny waPFBAhat pkbt (ot shvbhe The nuttitreara spihpiing system @ . draws

Once t he measu

SRy Seis o Bk Tk e LaMFpIRG Bl A kil
t h@!mnpmarﬁelmwmtunk@h & fitter ?n'é difgstadde FWW"'@W@@%‘%‘M‘
v aée\ﬁﬁéncepw frofftding tdysteml 405 hedsRéy Shedficalsh @ndnehvitonmental

stream sa [ stem 20 and t he noni |0 SHat 0

el Py e oM 0 PR Bl S

MudokitiorSk kiedned Eaapisposg! 1@yctband Remmhanlgtqtbﬁ paypend tapks 5.
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reat ment moni.t ori.n S N
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Thenmlkysters80.eam sanpl i ng system 20 i s conposed of two

20 sanpling nodul es. Each sanpling nodul e has the sane
structure and conponents. During the nornma

ORI Streim Samplihg Systamp! i ng nodul e collects a sanple
fromone treatnent tank 5 and directs the sanple to

t hrutermy th FiguRg1, s inakiistréOn sarhyling eystaml 26 sridded getmsen the

pl{re E?I}ef‘lpgﬂl‘\lgaﬁgﬁd %eﬂbﬁ@hng §)@f@ﬂ@@(§’tin he eHbS@h@ﬁniheF@&\é
'Tng pt pe. This replaces
> siept Eeahmen iaikeS, HRVPIRHEER SRR A0 CEREed ol e

MAinbiftig! %d&lfest Fack esainpiisyphaiuleThas "thaesamm stawdidre and

F P RinEp o BB oG B blalofa SR Sl FroB@BTiflects 2
4©amnl1e fromiope treat@epidankamandzdieein thersawalero th manitor ﬂ-gr%
r agUGRe MBRAGHA gamhgtmmae 3%,&)&% sastp| dhegicab drohe another

C Senmel ik B GAlpis With &

443 mﬁatctﬁ" %f‘?prﬁﬁsﬁg?n%g'u BEl u% rgﬁ%e i apéwrr ag?n‘g%u

2 3ew @amplo i ofdenty preprse sangnonitoring of the next sample. The one—run
and prepare” sampling system 20 can shorten the sample delay from treatment

tanks 5 to the monitoring system 40, minimize the contamination of each sampie

and reduce measurement time.

Both sampling modules connect the treatment tanks 5 to the monitoring system 44.
Each sampling module includes a diaphragm pump 23, a cross-flow membrane
filter 30, a differential pressure transmitter 25, a manual control valve 26, an inlet
21 and outlet solenoid valve 22, and a switchover solenoid valve 27.



~filter 30, a differential pressure-transmtter 25-a

manual control valve 26, an inlet 21 and outl et

sol enoi d valve 22, and a sw tchover sol enoid valve 27.
6 Referring to Figure 3, the cross-flow filter 30 has
a menbrane 31 such that particles larger than a
predet erm ned nenbrane hol e gi ze are bl ocked. In one
exanpl e, the predeterm ned nenbrane hol e size may be
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5 Thefivated tth® Bajturh iveRLANETIRS high eargentist fibw owe dfiHutkesohgion

I t d
Ims'lﬁni? N etrrrgag{:?afr}gﬁpﬁﬁﬁe eﬁe@ﬁbeﬁ;}e Lrﬁ‘é %E&Lﬂﬂllea?igllr;‘ %@u?éé‘a&&& the
o isfage of mpinbrene SUsiaiso gesbiged 3he epprtiony dfalime ok e crpst-fiw
10 5ma 58 li€1ohdertiuthn @Md%@&i%ﬁori $tferpé.ahe® Miitisieam sampling

ch I 4
R i

10t r amspié fibidy akbproieciutbe grabes néammenucnlesqnse@ duthe gerijgring
Rdamade et 33 of the filter 30. Wien
thé&?@eﬂ@% ﬁé@l ockécget}ofl3| by 15 sludge, the pressure
drop of fluid passing through the filter 30 increases.
If the pressure drop exceeds a pre-set limt, the
COMhe Gifferextidi @rasBiiie ransaittera2d il woerhte aneaswrgi thel préseure drop
Opﬁéﬁéé}," mfeps? Ghy ?&%ﬁb@ & frel ier 363 WhehBe Qﬁ&fs’@t |b cMbcked by

e testin stem
15 se%‘!éfig&l thetpigreyre qrap of PRI 1obetk g i'?rﬁn 5“"’8?%?8 't 5
ﬁ:@xt'd Hop BRcked® Ai gredset Mignitf the covtrod Ispstert 3P raivpst whalng: to
ment tanks 5. Stage 1 is
r m' aengoaefémjt? ﬁpee%egilieﬁﬁ?ng of the sanpling
process Stages 2 and 3 are executed repeatedly until

the sanpling process is termnated. Before starting 25
t MeneSopBfRkibrganalieg atcleant ;thealaétlng bystan i @ malides sexbrakstagese(l)

| osed J
20 ¢ RS AR SR 5 o5Rting A HonilS LRARIBl R PP e

ex‘am!ilsémplaﬁflnomeéﬁ?%?ﬂ“%"!iﬁﬁs 5 may be nonitored). The
inlet 21 and the outlet solenoid valves 22 of _
treat ment tanks 5 are opened. Then, the sanpling punps

ar 1e |s%§$cgl?ﬁtd%qufa?th@b@§§mﬁ$& aﬁ@@*ﬁhﬁ@m@b&@ Rfigds! Qean'd\@o

etermned tine_period

Dtm% ﬁgeomeﬁ srPn?gtedWéW"s‘B?r'p‘W%@'"ﬁ PEITPEHE 1§rminatede Rieiore Siptings
25 CQH@ kﬁiﬁny op&ilicr; all tlechutamit ealvéehre dissed laed pampd anegshut

C?’f".gr hlo% o ni 2 ec%se%en&meﬁﬁmk@%‘t%é 52&1& %['%@%Jnh&ed for

rrnsing s co
t hexample, all treatment tanks 5 may be monltored) The inlet 21 and the outleft

solenoid valves 22 of treatment tanks 5 are opened. Then, the sampling pumps 23

are actuated to rinse the sampling pipe of the two sampling modules for a

30  predetermined time period. During rinsing, new samples from the treatment tanks %
completely replace old samples left in the sampling pipe. This minimizes the
contamination among the different samples. When rinsing is completed, one of the
switchover valves 27 is turned on. The filirated sample from the treatment tank 5

" flows into the monitoring system 40 at a substantially constant flow rate. When the

35  analysis chambers of the monitoring system 40 are filled up by the filtrated sample,



~swi-t. chover—val ves--27 s~ turned-on.The-filtrated

sanple fromthe treatnent tank 5 flows into the

noni toring system40 at a substantially constant flow
rate. When the 35 analysis chanbers of the nonitoring

system 40 are filled up by the filtrated sanple, 7 the
valve 27 is closed. The nonitoring system40 starts to
neasure the chemical and environnental paraneters in

t he anal ysis chanbers. After the nitorin 0

of theniale it opsak T panioring Ssiel 44 Has {meys e gheical
OUbhd® envidhivérstal Zghraheters rie amémmtysn:anihanﬂ)eax d\ftel theenionilaring
the ialet Zlnrﬁl te%lﬁté & fu¥| \ée?hez%le@’fzhaéﬁat ikt Valves 22 of

t r BRPFREYT o5t Are opened. roup SW.tch
vatreament task 6@m@i§sedmn§ they fplet 24 | Wr%‘@d\’%’&m%eﬂﬁ"&w

t hf?eétﬁx@rﬁt{ém %taré émﬁe@ T?ﬁﬁ @{e?gr&dpeawmmvatwamg oy el ahus} the
romthe tr ne
r , ﬂ’g@eq f@n%gggn th?ﬁga%traplhg tsrrsgﬂ% %%rn@éa?teﬂ%ﬁg tife®

r egeealice by thetiiehtmehietank &r iatrumpee feririneg the pipe. The sampling
MD LRedipirttil 8 opatbl 1BiRates it. t he
ﬂ'o%%ﬁe% @ég%%ﬁ% sg%rrlpn s%s t hree anal ysi s chanbers
41, 50, 60 which may run concurrently. The anal ysis
chanbers are the MF chanber 41, lon Selective

10 El mohitowhg Systel) charmber 50 and HM chanber 60. Each
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anal ysi s chanber has nultiple probes which are able to
peRéfering terfidurod termeDitol® systPEfECemPifsh IR TRl S'S shambes

AL thr &l %ﬁ wifléh e abiRBhcureRfl The GidalyPis AREmMBAS ides ad BIF,

probe and nper d,an I

0 B o AR P S0 cHANBE 0 A P Hiaper g0, Eacn

haaalysisichamisdrihas enultipledprokasehigle argortie to pariofy e@'i@ﬁﬁéfﬁta'

Z%d%ﬁ%é rinforfitBiiflg, s%lgﬁﬁétﬁﬁ férecfgéﬁﬁér@'ﬁrda%ﬁﬁmpro%b CQW)M
ue tor state of redox, uct|V|IéC(rl val Lé%ch ical

t drrelie @ shamhey weshing and ?@YZ d?@lpbq gty 5&R FEEBY‘

t WhianBértay, 50, B0iJlse BasiEeminpstirsuapidengbsbnserbi d (SS) and

tenperature (f) are six inportant. environnental

paraneters for determning the quality of waste

chem cal and wastewater treatment. Sensors to nonitor
t HEMF Ghamb®ft ers are provi ded for 25 quality control.

Tﬁg HﬁgSFag oox;cg?olﬁ trg(%‘l’l eﬁ'[ngﬂi dh?f)]%dh_%d tdrNsibide o redox

Con ers are_cou
t @obdustiviy valke e il 4@50'\@@'@9"@6???%1 H@F@Vedmiﬂ’“é‘i’% &E‘? @‘Y
&ﬁue | sllshétasd fsahid pbbramd Ghbetatlieb Mtdrorsix ig@rtant
anu%qnsx%é‘t%k BaBEfRn b SR o FE ety SRl chomica arg
consevaler dredihent: Sehewra tie dnaaiieruthea® PeEleRt P Brovideh &
t Raki) B TR eCHRASEIS BreAsbiechl dnliandtdied amhe MFaredber 41.
¢ I?E?grlqt gl?elmlga? gtt)rﬁlaqug'g 45 I‘j;‘reer ceoubléd ?o tﬁml\&nc%la%bgrathv %mﬂ'Scontamers
hold standard chemical solutions for pH and ORP calibration. The other four
containers hold standard chemical solutions for pH and ORP titration. All the
chemical containers 44 are located about 40 centimetres higher than the MF
chamber 41. At the bottom of each chemical container there is a solenoid valve 45.
When the solenoid valve 45 is open, the chemical is able to flow into the MF

chamber 41 from the chemical container as a result of gravity.
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Wen-t he-sol enoi‘d valve-45-is “open; ~the-chem cal s

able to flowinto the M chanber 41 fromthe chem cal
container as a result of gravity. 8 Referring to
Figures 4 and 5, six sensors 400 are installed near
the bottomof the M chanber 41 to m nim ze chem cal
consunption during calibrat igon and titration. These
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probe, conductivity probe, probe and turbi
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Online pH and ORP titration is used to simulate the treatment process in the
testing system 10. It is also used to identify chemiéals, such as acid, alkaline,
oxidant and reducer, and consumption to optimize the treatment process. To start
titration, the sample inlet valve 46 and the drain valve 43 are opened to let the
sample flush the MF chamber 41 for a predetermined time period to replace the
solution left by a prior sample. Then, the drain valve 43 is closed, and the sample
from multi-stream sampling system 20 flows into the MF chamber 41. When the
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treatnment process. To start titration, the sanple
inlet valve 46 and the drain valve 43 are opened to
let the sanple flush the MF chanber 41 for a
predetermned tine period to replace the 35 solution
left by a prior sanple. Then, the drain valve 43 is

cl osed, and the sanple fron1nu|ti-strean1sanp|ing
system 20 flows into the M- chamber 41.
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completely empty MF chamber 41. If the multlple point calibration is required,
another outlet valve 45 is opened to MF chamber 41 and the processes can be

repeated similarly as described.

To start washing, the outlet valve 71 of chemical cleaning liquid (for example, acid)
container 70 and the inlet valve 47 of the MF chamber 41 are opened to let the
chemical cleaning liquid flow into the MF chamber 41. When the level of the
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calibration is required, 30 another outlet valve 45 is
opened to MF chanber 41 and the processes can be
repeated simlarly as described. To start washing, the
outlet valve 71 of chem cal cleaning liquid (for

exanpl e, acid) container 7fpand the inlet valve 47 of
the MF chanber 41 are opened to let the 35 cheni cal
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i f necessary. 15 [2] | SE Chanber | SE technology is
useful for nonitoring the anions during chem ca
anal ysis. As the neasurenent principles and
priglasE@hembéor various | SEs are simlar, all |SEs are
instal led in an | SE chanber 50. In one enbodi ment
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measuring condition of the sanpl e solution. The ot her
four chem cal containers hold a standard chemni cal
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C?:Qgtgll'\grse rhold a gfnemlcal buffer to adjust the ion strength and measuring
.condmon of the sample solution. The other four chemical containers hold a
standard chemical solution for calibrating the iSEs. All chemical containers 53 are
located about 40 centimetres higher than the ISE chamber 50. At the bottom of
each container there is‘ a solenoid vaive 54. When the solenoid valve 54 is open,

the chemical flows into the ISE chamber 50 from the container as a result of

gravity.

Referring to Figures 6 and 7, four sensors 500 are installed near the bottom of the
ISE chamber 50 to save the standard chemical during calibration. The sensors 500
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chanber 50. At the bottomof each container there is
a sol enoid val ve 54. Wien the solenoid valve 54 is
open, 30 the chemical flows into the |ISE chanber 50
fromthe container as a result of gravity. Referring
to Figures 6 and 7, four seppors 500 are installed
near the bottom of the |SE chanber 50 to save the
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30  To start the calibration of an ISE (for example, chloride), the outlet valve 54 of one
buffer solution container and the drain valve 52 are opened to let the buffer solution
flush the ISE chamber 50 for a predetermined time period. Then, the drain vaive
52 is closed, and the buffer solution flows into ISE chamber 50. When the sample
Jevel of the ISE chamber 50 reaches a predetermined level, the outlet valve 54 is

35 closed. Then the outlet valve 54 of one standard solution container 53 is opened.
The standard solution flows into the ISE chamber 50 for a predetermined time
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to neasure the next sanples. 30 To start the
calibration of an I SE (for exanple, chloride), the
outlet valve 54 of one buffer solution container and
the drain valve 52 are opened to let the buffer
solution flush the I SE chagper 50 for a predeterm ned
time period. Then, the drain valve 52 is closed and
the buffer solution flows into | SE chanper
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container 70 and inlet valve 56 of the ISE chamber 50 are opened. The chemical
cleaning liquid flows into the ISE chamber 50. When the level of the cleaning liquid
reaches a predetermined level, the outlet vaive 71 and inlet valve 56 are closed
and the stirrer 51 is actuated to drive the chemical solution to wash the chamber
and chemical sensors inside for a predetermined time period (about one or two
minutes). Then, the outlet valve 52 is opened to empty ISE chamber 50. In order to
clean the chemical left in the ISE chamber 50 and sensors, the ISE chamber 50 is

rinsed with clean water after washing.



cleaning liquid (for exanple, acid) container 70 and
inlet valve 56 of the | SE chanber 50 are opened. The

chem cal cleaning liquid flows into the |ISE chanber

50. When the level of the cleaning liquid reaches a
predeterm ned | evel, the oujdet valve 71 and inlet

val ve 56 are closed 30 and the stirrer 51 is actuated

to_d t.h h t h th

o ewE s, vedntgvave 28 obibe fleh S St 7f ARITRE vave

pess oidhd IiEahhmbar &0 are dpeoed. ThedeasyaterTlows inta the ISFuehagber
Eé( ‘?Ifll?e% tf’néis ﬁ%? %ﬂtﬂg cfegn ﬁﬁfé# Yealsl%?s EPB‘@E%&FTIIF@Q -Ievbn o@treftj Gélve

S eﬁ% andsinlet pive @gmrThg@tqrgr 51r is relupted i q!{rvattéedwater 90

5 WaiRe Rl ISE chambé Em}gand%eﬂnﬁ:al'rﬁensbra lirisideiforsd prgdetérimined time

10

15

20

30

out | et alve 73 :
bt e SunbEvle gehie el 8 el (0 e tibfber S0, ' ihich
c| wrsingviBinging tfdn@amenemse\ﬁ@l tiges agdastet  50. When the

| evel of the clean water reaches a predeterm ned

| evel, outlet valve 73 and inlet valve 56 are cl osed.

The stirrer 51 is actuated to drive the water to 5
riﬁ%@“ﬁﬁ@mng chamber 50 and chenical sensors inside

no%g sgrfp%ﬁ}}tggr%mgg%* H%K) &ergl Qgﬁltiwmethwtﬂ) erﬁtlaéﬁlﬁilsev the
r 'mcm@aﬂm‘ o dipaMy resids- @er‘l‘ﬁ}é geice i composed of AYOTKiNg gass
‘(ﬂ W%ec{r@dﬂe E'%l?ﬁﬂ’@%fecﬂ:&ﬂebﬁﬁf an S AP Piefetence kleatnotet iy
is.a se | Vi e
AR EmpRTe B Ing PragieicaodfE AREY ol QRN bl Shamber o0

conposed of a morklng gl ass carbon el ectrode, a
countering el ectrode, and an Ag/ AgCJ reference

el %@Eﬁé}ﬂ&l cbﬁtamé}ﬁ 34 @diqiraﬁhtq thie M tchareieer &0e Tvo attiersicalf
are i HM ¢ , o

c d’ﬁf‘@i"ﬁ'@r 'é‘iciﬁ ‘ét}eg"cfg Vo e2I4°t %9{}% etF"Ia—ﬂe\i/?" S&%gﬁl )é%% h"‘?G‘FIESE'%]

c loendiiiml of the saaipieesalution] dha ahrsipwrasheniifel epntpipers s @

t ré?anhé’rﬂ cﬁérﬁu@é] QBIUIIG’i\rfgr dﬁﬂﬁ'&mg thg eleﬁlﬂfdﬂs tAilaRe &dntdikegs 63 are

t
b droated byt AReimts avay tnep i HENSHTBE, of AP Bl o
e |eac|‘t cantbdrser thieré: ist deolennid sdivee WhaGthe rsefeml"@ d@v%tﬁ %‘!ﬁﬂu the
Earil lﬂ?@éz ihfoShd Yurd Bedmbel 80 rbiR ehd B¥naherdaes re&ik of fiavibh e

each container there is a sol enoid val ve.
V%en the sol enoid valve is open, the chemcal flows
into the HM chanber 60 fromthe container as a result
ofRetpringitd FigurBe8 end 9. hyee serSprgHi0 gregnsialigd gear they hodom of the
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include a working elecirode, counter electrode and reference electrode. A motor 61
is installed on the top center to drive a small stirrer in the HM chamber 60 to mix
the solutions. A conductivity level switch 601 with four electrodes 602 is also
installed in to conirol the sample level at three setting points. All inlets coupled to
the HM chamber 60 are connected to a manifold such that only one pipe is coupled
to the HM chamber 60 directly. The HM chamber 60 has an overflow pipe 1o
prevent the HM chamber 60 from abnormal level sensor conditions. At the bottom
of the HM chamber 60 there is a drain to completely empty the HM chamber 60
according to the operating requirements. The HM chamber 60 has several different

operation modes, including measurement, calibration and wash.
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calibration. The sensors 600 25 include a working

el ectrode, counter el ectrode and reference el ectrode.
A notor 61 is installed on the top center to drive a
smal |l stirrer in the HM chanber 60 to mx the

sol utions. A conductivity ligvel switch 601 with four
el ectrodes 602 is also installed in to control the
sanple level at three setting points. Al inlets
coupled to the HM chanber 60 are connected to a

mﬁ]ln ok %fn%é%rédn %ﬁb% ﬂiﬂ%al% Bs ahcﬁ%rﬁiﬂ Yake @2 3 dpendde
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T h
vt o i, e B ER LA e Pl <

S aradeRriihstblavel e bilervahettaris ﬂﬁseﬂoThEastlpﬁe@Ib!ﬁ @FiRtad tp mix
time period .t | 0 f 506
S é%?(glﬁlo?hagd tﬁ)ef- ﬁgrﬂ: ftffion o Fmet%ﬁ}k: %ds & th@ sBmBl)é if nitakfEd.

raln valve is cl osed ﬁbecp th
s aEinghes cdntrohsysiem; 80 ehtaiesaTivlie HBTAH 1018 i iR AP PsRSe
| Rhle Edahﬁ]elﬂ%h@hgamﬁrofﬁﬁhtamﬂriem Fhﬂaows anp resoltded éh theemphd s
eterm ne v , .
Tﬁ%ﬂemtaﬁerrﬁn%ﬁweétsqv'gls{t/éﬁjgi an tﬁé d}{% ¥ \ée?§go§u Jler%ﬁefgr @

C predatermgineds Bné wewsbhe@mplﬁﬂlv ?'HEW B8 HM chasber 6P-oNoY itdfis
||péag¥§ cddfcdinbanpi®0. Wien the sanple | evel reaches

et erm ned Ievel the outl et valve 64 is cl osed.
The stirrer 61 is actuated to mx 10 the solution and

the concentration of nmetallic ions of the sanple is,,
ngaswnembrawfnemf theh thresoeleqtigrlessipe & anatalls i8R {far pemple, gie):

Qﬂ@l!etﬁvé‘ ét’4cHTbﬁ$‘€ufFeh§(ﬂﬁtoﬁf b&tdifier @8 &nd ﬂrbm vaivalsg arem‘petldfuﬁo-
concentration o i
it et nugog i ErenpACed for Mg Rihel 3 AR
arrdert, hiee draiti malven 62 ds GRs¢ds arsh §‘r¢e’éﬂﬂﬁb gsolgtionpfieugeintoy
! el fg OfnbR tﬁé)ym.;ﬁé Riv¥ BENeY ot reddtbdraieaniar, 166 outdow

d
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sol vial e@% amee finesd k0
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| theGlapagd satmbntnhmeb wiehaureds Whet ihercoffralwistém 80 obtaias FiRble

cha ﬁtﬁﬁﬁﬁﬁz“ftdd
Plg st%%_ﬁue thre Rr%ests ﬂ{egvgﬁite ogftﬁglc?/ﬁac? ofiZn®* of standar

Th@uﬂontlmowtahéfecvfé?@@ 59 CONOLREEE, 20 i BTEE P s
CQRd fhkN#Rdin 9aive 62 is opened for a predetermined time period to completely

empty the HM chamber 60 to finish the calibration in one concentration of Zn**.

i multiple point calibration is required, the three electrodes can be calibrated at

other concentration without changing the standard and buffer solution.
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chanber 60 for a predetermned tine period. The
outlet valve 64 is closed and the stirrer 61 is 25
actuated to mx the solution in the HM chanber 60. The
concentration of Zn2 of the standard solution is then
measured. Wien the control stem 80 obtains stable
signals fromthe three el ectrodes, the value of the

concentration of Zn2+ of standard solut# gggf.showgr
antp segoralibration of te YR eatallicy, iop iR SR AMPife ' SPOBT

| SeohbNRBIRR, the 88le biRe:t I 8% of &le\sam6 Rtandard pelntiad coutriner 63
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a%FrEﬁefetyC &hb@l tﬂe HM efighernéonadl fiiste theecdlibritioth bt thei three

?%g 5} ¢ B gwtr% caI i bration point. The 5

cI"r\fj °Ex Q%rl €4 and the stirrer 61 is

actuated to mx the solution in the HM chanber 60.
The concentration of Zn2+ is then neasured. Wen the
C Gﬁlte rcgllibréi%ﬁ be B%eﬁ@etﬁm BB 1Bé 8 eharibgned mayf faiow thecsame

reeee roesIeva e
DrRRFPEHIES SHE et e o e e vl Bpocie
symﬁﬂmﬂaﬂimmhe&ﬂmwnp@ﬁwaisls stopped, and the drain
val ve ‘62 is opened for a predetermned tine period to
10 conpletely enpty the HM chanmber 60 and finish the

Cal'bt',fhth t o
c e wegr gulet e i opp e i R, il flbr SBBRS i
i rtoﬁtheerl—m afchiriiat rvaye G6agf th@ﬁhwhqm*;@r $arme ogpprrdeidiplede
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are opene cal ani [ i
o oL G MRS AR o okl B, S O o 56 Pt il 1M EfgloePHb.
C|I|€a|ﬂbrn© disgamthel cheanickidsett @ e étﬂ!bclmnmen é@l anwems,orss fe HM

f\ et;ergtg{f\{‘lnﬁsgdlm aajn a?Jf Q‘Mé@hli?@ﬁ are closed. The

I'S actu r|ve e chem cal solution
to wash the HM chanber 60 and chem cal sensors inside
for a predetermned tinme period (about one or two
78 taBtSinsing, MB@ outiativdhest 73vaf[tveecl 8 water opetaindr T2andripetyvalvRe

H% cnh tﬁgplﬂchgglber 60 are opened. The clean water flows into the HM chamber
60. When the level of the clean water reaches a predetermined level, the outlet
valve 73 and inlet valve 66 are closed. The stirrer 61 is actuated to drive the water
1o rinse the HM chamber 60 and chemical sensors inside for a predetermined time
period. Then, the outlet valve 62 is opened to empty the HM chamber 60 and finish
rinsing. Rinsing can be repeated several times as desired. '



60 and sensors, the HM 25 chanmber 60 is rinsed with
clean water after washing. To start rinsing, the
outl et valve 73 of the clean water contai ner 72 and
inlet valve 66 of the HM chanber 60 are opened. The
clean water flows into the:MNIchanber 60. Wen the

| evel of the clean water reaches a predeterm ned

| evel, the outlet 30 valve 73 and inlet valve 66 are
c| Dispasal Tank stirrer 61 i's actuated to drive the water
to rinse the HM chanber 60 chem cal, se i de
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considered in all respects 25 illustrative and not
restrictive. 17 WE CLAIM 1. A testing systemfor
conti nuous sanpling and testing of effluent at a water
treatment plant, the systemconprising: 5 a sanpling
systemto col |l ect sanples of;the effluent; a
nonitoring system connected to the sanpling system
for measuring environnental paraneters of the

saWf E5MM:he noni toring system conprising: a first
anal ySi s charrber for measuring environnent al

an amet GSUB? sys eltql o?&%tt mgo‘{YQ saf Iﬁnﬁ taﬁ&jtegﬁngrgf EiGerd raplc.‘l Qiater

ﬁS|st reducti'on potenti al
(()Réétmelailptaet ﬂ@rsygerap@mms"\geductl on oxi dation (Redox),

conduct ki, mﬁ@%‘i’&ni‘o%liéc%@ﬁpléyo‘ﬁﬁ\@'eﬁiﬁéht'so' | dS (TDS)
di ssol ved ox¥

dj t
Suspond BTG R et ik e YRle” erchpgpurns
anavjrsirsentz parmetefswrf thesamples, e IOTEORNIr Y S COMPISINGS f

anions in thgg E?%lﬁ% éﬁ%hﬂjﬂ' for Hleé&:ﬁllléj &er&fménﬂen parameters

sel ective el ectr

Es); 15 an hird éi'{; )de
chamber off & leagta¥gr saiRFiach BorB Ghe eQ’i?”rpaF‘?"S'ﬁ“'@f of, i1y yoxidation
met al s jeBudibe potantal @RR)SIaNG fanstdie of reduptphngidation (Redox),

volt 2%&gﬁ¥%§|§%¥?ue i@ ERLe QAIlde'Elgsgl}lééfn&yP% LU

I'es
cont r ol tutkign ﬁwngovratﬁmnqlgd W*'dtr(?ﬁ) %@I"}%F’@’% Manber s,
and to recorg sbdfd aaayae%ﬁamm&t feadaticy tedcdayeritiagon of

nor oi rPidhe 1 e Gonvies uiiie R BT A e Srolp kD,

per f or nandeasur enments concurrently. 25 3. The system
accor di ng t o flr@biBiykis dﬁBlﬁB&' f6r hdBurfiiid @ﬁc@‘ftrafltheof heavy

effluent are  coll cte retr

t anks dPeleiR® hRgame elsruéﬁg ﬁBﬁc{n *‘S’rPBWF volggmmeiey, (/s t & m

accor diangortiro! systimmic cortiob the eplie¢iien svamstne!ss dpwethe sampling
%ggtgﬁttg(%ntl%ﬁﬂkﬁmg'aﬂh liksinP 6k tRe antiyBis SMEhIRNS, ARE &F (LAY tHeO

wher el n. éach chanber further conprises a
stmqe\'swﬁ@e'a‘é9'?fe'eeqlzyth? WOFW"%%%S 6. The system
according to claim1, wherein the first analysis

Cr}"fmb(:“rThe system according to claim 1, wherein the first, second and third

analysis chambers perform measurements concurrently.

3. The system according to claim 1, wherein the samples of the effluent are
collected from one or more treatment tanks of the water treatment plant.

4, The system according to claim 3, wherein the samples are coliected
sequentially.
5. The system according to claim 1, wherein each chamber further comprises

a stirring device to mix the samples.

6. The system according to claim 1, wherein the first analysis chamber
comprises a temperature probe, pH probe, ORP probe, conductivity probe, DO
probe and turbidity probe, for measuring the environmental parameters.
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conductivity probe, DO probe and turbidity probe, for
nmeasuri ng the environnmental paranmeters. 18 7. The
system according to claim1, wherein the ion selective
el ectrodes (ISEs) include a chloride ISE, fluoride

| SE, cyanide | SE and a sul igde | SE. 8. The system
according to claim1, wherein the anode stripping .
volta tr 5 (A ' Lol 5e: AR vestRded .
THe sﬁ%#ﬁ%"&@&%‘%%g #‘gc@mﬁ’m 8, ’\r/\ﬁger Zdiﬁn t he ASV
d@gEs)Enasiearchicrds ISE, erits 1S5, eepide [S5pnd agulidy vFer

el ectrode and a reference el ectrode. 10 10. The system
according to claim1, ergin t L Goisy sitEfet
c8npr i daesystep W?’?Wgé%%m ﬁé‘mﬁﬁg‘jp%&[sgé g‘l“?%@q/ a '?}l“re s
S ) §s seploinedibg dn ASYedicd.i r st treatnent tank to the
moni toring systemvia a sanpling pipe; and a second

sanpling nodule to rinse the sanplin i pe. W t h

s @cond The sygisine ageerding ﬁSr%@t%r"fﬁeE?érhthF%ﬁg) geé'ﬁeocé’ o pﬁ%esﬂ.
TRy SRR R CA iiflicn getiode kad arel@encelelertsidn. t he sanpl i ng
nodul es are connected by a sw tchover sol enoid val ve.
12. The system according to claim 10, wherein each
saop| i iiige systeo ascorging ioigIm; s whergin e SpmPINg SY PR Gomeises:

cr 0ss- Ll ipW JRpARRdi b lirectaa diist fsainpint dolibctear Bors L Grst
transmtter, a manual control . isnl et sol enoi d
| e Rn g hg Mg sy 8 e sYRp G e g O S0 SN0
accor dangcéra sangiling Tddulatierdish the sapelivg ARG Wit Fa &4 o
;é&ﬁegfgakggemgmegb@e of the sanpling nodul es

etermned tine period. 30 14. The system
according to claim12, wherein the cross-flow menbrane
f 4.t er Thd1agstem aesvbdign® tlainh i @ cwherein thec baspling Mpdples (i

a_predeterm le size. 15. The system
TP ToE P Rahe

, Wherein the nonitoring system
further conprises a titration assenbly, calibration
agsenbiye syashi egoramgewbkiimand, avheins pachasaraplisgnpgule |
35 16. Th > s Aidw nenfblhe AittdrDa dii@hwdl Prebdife
WaPRTREP %ggéﬁ?ﬂt@m"ﬁ%%%%s? A cont Al ner contai ning a.,
ctiansimiteer, achanuak W’P'i"&[ﬁ’o@"' infet solenoid valve and an outlet solenoid

valve.

13. The system according to claim 12, wherein the pump is actuated to rinse
the sampling pipe of the sampling modules for a predetermined time period.

14, The system according to claim 12, wherein the cross-flow membrane filter
has a membrane to block particles larger than a predetermined membrane hole

size.

15. The system according to claim 1, wherein the monitoring system further
comprises a titration assembly, calibration assembly, washing assembly and a

disposal assembly.

16. The system according to claim 15, wherein the washing assembly includes

a container containing a chemical cleaning liquid.



w3917 The -system-accordi-ng-to-clai-m 16, -wherei-n-the

chemical cleaning liquid flows into any one of the
chanbers to wash the respective chanber. 18. The
system according to claim15, wherein the washing
assenbly includes 5 a container containing clean
water. 19. The system accofdi ng to claim 18, wherein
after washing, the clean water flows into any one of

the chanbers to rinse the respect.i aAnh, id

The syBrecssiertafeaiding e SE“H1I1 Ag - ee(r%el"l n ?Flﬁgﬁg@s

p?}{yfg%@”ﬁﬂ; SHeof thie RRamberecte waghlthd respesjive et or di ng t o

claim 15, wherein the disposal assenbly includes a
di sposal tank to receive drainage of the sanple
cher cTie sybtemrsiceryding iguaim Apgvherelh e é’é‘ﬁ“‘ﬂ?a?sé?g#'?f luges,
COARELES corfining BBanswadrem according to claim 21,

3 V\Ji?]erel n tc?le di%—posal tank conprises a |level swtch,
di aphragm punp, and sol enoid valves to djrect the :
seg1p| ETHeOsyatemsqreaiing i daimdBnwfreip AhK. wasging.3he qlppn water
syst e ozﬁ\%&q‘re%{p,g ch&nierAtb Rhetdne WgscBvecHaidedi sposal
t ORPrTses a  conducti vi ty level switch having
three el ectrodes, to control the drainage volune in

10 the di Brosslmiasdidibgtowtzim 18, Wiegtin fiesing is aerépraed pgFe than
| evel . 25 24. The system according to claim 23,
wh¥Fein if the high level is reached, the punp is
activated to return the drainage to the treatnent
&gﬁks- Tn{’e%fygém aEhsidiny Bl ok a5,0ediimipe disposahaseplly includes

erein i f the lLowleye| d D dnerhiBR cldAHIAP liguid and
de dispesphlepto %‘?'Vel'ﬂrgmg%s?fetﬁne g%@gr di n% to claim 15,

15 Whedraiatertilom the ¢hamtbeisn assenbly conprises a cont ai ner
to-contain titration solution to simulate the :
t gze. at rT'Il?l?et syFthrePnCaecggrdinb rt]o él&l;.lll% éi?%ér&ﬂ e/ &igﬁd?al tank comprises a

level switch, diaphragm pump, and solenoid valves to direct the sample to a

specific treatment tank.

20
23 The system according to claim 22, wherein the disposal tank comprises a

conductivity level switch having three electrodes, 1o control the drainage volume in

the disposal tank between a high tevel and a low level.

25 24, The system according te claim 23, wherein if the high level is reached, the

pump is activated to return the drainage to the treatment tanks.

25 The system according to claim 23, wherein if the low level is reached, the
pump is deactivated.

30
26 The system according to claim 15, wherein the titration assembly

comprises a container o contain titration solution to simulate the treatment process

in the testing system.



