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Appggatus and nethod for examning a liquid sanple The
invention relates to an apparatus and a net hod for
examning a liquid sanple, in particular a urine
sanple, for determning the risk of urinary lithiasis.
5 The risk of becoming ill with urinary lithiasis is 5
to 15% on average in industrialised countries: peak
val ues of approximately 20% are reached in the Gulf
States. Epi Bpoidarthed fer exsoviniag ajlipidsaplg
tendency in the incidence and in the preval ence of
cal culosis. 75%of calculi fornmed in the industrial
The GunértiogSrelaes i an Gippadihi ad @Xiakéibe - for @xAmpah @Nfiqyill Gample, in
has. al ready suffered froma cal cul us once w t hout
pagtigglag g wrige sgppls. {on deterapung themsk ofyrisprylithiasigpect a
probability of recidivismof 75 - 100% The need for a
suitable nethod for determning the risk of uroliths
Theraiskbef beomiag ill rvith tuhinary Hhisid & Paotisesloar dwerage in industrialised
I nportant, for determning the risk of recidivismin
COUYIPS n PEakyn ¥R luFSe ra@awgmme.y 130°A 7E% hisachrdy dnodlae) Gplf States.
Epldegidog]cR0d A2 khdl b inforisi &y YR (1R ihjaad £B3R theftevalence of
a calculation of what 1s known as the Bonn risk i ndex
calp@psiy. T op calvadi fagonet aib the ihdustdaitcenndries ngnsist of oklicium oxalate.
risk indicator. To calculate the BRI, a 40-m | linol ar
amoni um oxal ate solution is added to a urine sanple

A Pitiedt ¥haReAEKeddshfferedTdrh aCalGhiABriRY 3idlot therapy or with unsuitable
crystallisation commences. 20 The m | linol ar

thegapycdhenldaexnsst afprolxability cof(repidivismadfe?h t d00%e Theinved for a suitable

i S nent ks eterm.ned and_rel at.ed to.a .
mefRAROE el MROBY of SrobfR et o fect o B 8 i prticuteny
importaak &g detdi@inif® feaidkrfireadivisin GxpdtRhe KX 2): alleadeinon

a sanple volune of 200 mM is described as the added
anmount of oxalate (Ox2). In addition, the initial
- .cal & i in. .tk [ ;
A BEREA 0 GbAle LISHER I 08 (et s on o catcuin
of whatas kiowmap ihel BorhhviskARtex BRI has pryven aticibl@foe defdmbBithg a urolith

. =.[Ca2+ -). | of 1/l is considered to be . .

risk i ot R Ab-anliae e Fmizgn Galafy sotution is added
to PLARE SEMPIAHE a Hrdrf Surftll Glh Jx I
ST oA 1] L R fofn wezeln‘:%%i sk ({:ﬁgtﬁalfcéggl?{s%g%f:ﬂ\nﬁﬁggmmences_
Theymilliviolarcancentrationiofwxelate (R Nedded tntheturimetsamgle 4tithis moment is
detérlmcige@ fané" ?‘clel%*eﬁnt]op£ %%B]Bl%t\?oh'nhte holfachOSml. In specialist medical circles, the

concentration of oxalate (Ox>) based on a sample volume of 200 ml is described as the

added amount of oxalate (Ox*). In addition, the initial concentration of free calcium ions in

the urine sample [Ca’'] is determined: the concentration is given in mmol/l. The BRI is

then calculated as 7 | A
BRI = {Ca®"] / (Ox?).

A BRI of 1/L is considered to be the risk limit for calcium oxalate lithiasis. All problems
are allocated one of eight risk categories, I — VIIL BRI 1/L falls between risk categories IV

and V. In a variation of the measurement method, the risk of calcium phosphate lithiasis
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M; -2- can also be determ ned, a phosphate sol ution, o
rather than the anmoni um oxal ate.sol ution, . 5 heing -7 . @78 s
presented to the urine sanple until it crystallises S
and the ratio of free calciumions. and phosphate

sol ution being determned as the risk indicator.” A’
nmeasuring device for examning a |iquid sanple by
titration is knowmn from WO 02/063285. 10 WD 91/16618
Al describes a neasuring head for a titration

measur ement apparatus. As regards the nmethod devel oped
at the Bonn University and nentioned at the outset,

ref erence should be made to the scientific paper

entitled, "Conparjson of |aser-probe and 15
canﬁﬂ%t ‘ t?ﬁllenafg?aephﬁsaa@wﬁl%mt Wghftrrthmﬂ;e ammonium oxalate solution,

. . . . 7 | . | - i i - -
beiry Sk ted Roc e Mtoule oL 5 ARBIREL 1 s o 3k Tatoium fons
and phggrhatedb|utibarteiNddermife® MOMEe 2BE tadicstoscr i bes a

nmeasuri ng head for reaction nonitoring. 20 JP
11014632 describes a fibre sensor for liquid |evel

A HelfnRknabiied. fo?eEﬁ&ﬁi?;ﬁgg dszhf’l&!ﬂd akébxg%lgg pgggg%ﬁ& ti0€known from

scientirfic paper enti ser -
WO e3288at i on of the evolution of particle sized

di stributions of calciumoxalate particles forned in

artificial urine", in Journal of Crystal G owh, vol.

WO2Z3316618 A lldescBbesiPRessuiig head ﬁxrglﬁrﬂﬁn%&sﬂfa%eﬂg?pfag}tu&

invention is to provide an apparatus and a ne
examning liquid sanples with which, in particular,

h e-desecrd bed thaod of exan nat.ion.of a.urine
As Jeifigf I8 GethRE oo d ol e Bont (rivRSithGod eflianed ¥ the outses,
referefitd $iRalldOBE n&@et toahé 8eikhtVRE Yaperbnkiflbd 2odnpdrfloR of laser-probe and
nmedi cal practice or in a hospital. The apparatus

photemgiiicetsmainationnf the iriserytcaystallisstionizisk of3glchum okalate”, in' Clinical
- u t ed n nd | ow
Chefbiy 4R Rab GRTY BBt M oF S B el 7o 1t o2 7
attai ned by an apparatus conprising the features of
' ,, by_.a method with the features  of clains 30
P 2@@@,‘5& g 4 TRIARG hrydifarteastion mositoning. an
apparatus of the generic type conprising the features

of claim 38.
JP 11014632 describes a fibre sensor for liquid level determination.

Reference should also be made to the scientific paper entitled, "Laser-probe-based
investigation of the evolution of particle sized distributions of calcium oxalate particles

formed in artificial urine”, in Journal of Crystal Growth, vol. 233, no. 1 — 2, pages 367f.

The object of the invention is to provide an appaJ;atus and a method for examining liquid
samples with which, in particular, the above-described method of examination of a urine
sample for determining the Bonn risk index may be carried out cost-effectively and reliably
in a medical practice or in a hospital. The apparatus should enable the method to be carried

out in a standard, substantially automated manner and at low cost.
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5 The inventors have found that a titration system nay
be used in conjunction with optical transition
nmeasurenent to determine the crystallisation point of
a liquid sanple. However, the neasuring arrangenent
for transm ssion neasurenent could not, in turn,
necessitate the exclusive uga-of sanple vessels for
the liquid sanple, in particular for a urine sanple,

ZAufcording bo thetieaition)iteiobject Fataitbdit £ Sppaaies &ﬁﬁ;ﬁrsﬂsig%ﬂw features of
al though a portion of the 10 liqui

romt i s that
e by 2 mgthed W%Q&feglaf@doﬁ%m@md N,tamdaby a gtﬂasunng head for
her ,
“E?#f“ {0 07 58 leri 58S LORPRa ule fehBies W i,

vessel |tself According to the invention, therefore
heasuring head mhrch 15

The s B JAEb et o, iraton, st ey based 6 conivcion with optical
trahditbl nARReMmehPid feteriRAS gfee%y%té‘lmgtﬁrrc' éoxﬁp gr 2 fllﬂﬂrdle sgaﬁrtrpl e. However,

optical fibre is allocate our ce.
theameasuring amanpemged fomtrmsmis[iomnﬁamemait do@ldafidtyi tush, necessitate the

e B o St ST T T s B el B e sample, of
higmwﬁepqﬁa@ﬁy %e%véﬁisrsflﬁ%é LbhABARERGm AR fa émIo ?ﬁqgrfomon of the

provi ded a recess which further interrupts t e op
Ligyigy ea:nnlesus:hwa b@ammatai thmmgh]g 2tper tlighn ofy e transmission

i ded he ti C re thoroughly exam nes
rip el 3G, B b R ha den eagbOues e BasS oy dbpyeh the sample
vekeltitaelf] i qui d to be exam ned, which is due to the

initiation of crystallisation during the defined
addition of atitration liquid to the quuid sanpl e by

g 1! fhgqg?é@}og];n(g%efo gtﬁe %ﬁﬁ%{é Raq%gé %Exgg?%mag head which

e dete
ccmklmsrem ah epticalgfib@sarSmay. b iARTs&ESintd a Iﬁﬁu% §£lnp1%5to b& measured. A

Pr ef g Yy, a ra -formlight source is used as the
fi 5‘&? g‘zﬁ ﬁ?agﬁ fﬂ@%ﬁeéda@e@ghtfseprccwah@t@enw is arranged in a
|
de%é@?nﬁﬁleﬁgel%tekpﬁlesﬁ g)taﬂ'{ }r&ﬂet& nined By %Vgptglzalggib&, of the light

source or use Ser
emittod &on:Ft]uetIirm mmref; In hie: inohérsed rdgidnef the gldass iy kQditRere is farther
tionis not restrrcted to the

PTQ,‘{lg?Cg %:l’ség‘,’g{?e‘rﬁiﬁ t fgnlélgerrug thesopticak fihre in such a way that at least a
pofi A6 BEBIEMe bhided byaHE 8hii v ﬁio‘i’(ﬁléﬂgefﬂﬂggs %@ thHnd ample over

erceptibl'e to the hunan eye nay a e use
a defined distance. Clouding of the liquid to be examined, which is due to the initiation of
crystallisation during the defined addition of a titration liquid to the liquid sample by a

titration system of the measuring apparatus may then be detected by the light sensor on the

basis of the increasing losses of transmission.
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exanpl e an infrared source. Visible light, in

particular in the red range of the spectrum

preferably of approximtely 650 nmis preferred A

detector systemwhich is suitable for the Iight source

Is used as the Iight senso[3qnd may 10 be, for

exanpl e, a photo transistor,;” a photo diode or a photo
| so concelvable to construct the

t or
Pf%fﬁf&b @eﬁ%cf?ﬂ%élgit sewes s pegd ps theolightesonrre ad wey dye produced, for
t I
e B O S AR e Tt b oBProl R SBlme o by the use of a
lashie fdr exanzpe @r]dsemghgdec Gufthgmcard, tha netiofh ofl thmyght]@utdeam the present
d fib |1
apﬁ;’fwgﬂpﬁl %Poetgrggfpo déﬂ ef ﬁﬁﬁa B/ﬁ{vflzlgrér g*eg J%Agel %ﬁ? sw%:(;gt Zelectromagnetlc
radi@RA Shtside ithe "rﬁ{%] chtls 'p‘érc.i%ﬁﬁﬁl'ecﬂflI thé |h)6nf&heéﬁr1ﬁ§ﬂ( 8lsb®e used, for

use a measuri ng I's onl Yy used one

exgrpplp et infraragk sovece a\‘mibée i:ghtt, e pegisulactin dhe aterI ragosdithe spectrum,

r| head S proce af fords the advant age,
pl.ei%re%%p rotfl gEﬁongtf’Wa OtrH’S gﬂﬁpﬁhg head com ng into

contact with the liquid sanple does not have to be
cl eaned in a_conplex manner after taking

A detecon witem which igguitable for the hshtﬁow@%rémsed p@aﬂtﬁ light sensor and may
be, dﬁ)}? %ng'ﬂ]hle h@){vﬁot%)%ﬁglstoqr ﬂgﬂot% dh&? J;,-Oa ﬁﬁoto%‘gélgtgp \Af {sha%o Snceivable

neasuri eani Ste
to mﬁspactt the hg®osehbor & « sdtisbghiati oo thet inﬂnaﬁa-saﬂ fatlys hegde reduced
SO c%hstructed that it is imersed into a urine
by§ ing the sensgparaggeeita recess in the neasuring head,
which is 25 traversed by the light ray, is filled
with the liquid to be neasured, in particular the
Acgmridilm tol theaduéntiomnthei heasaripg diead abhecardinghyr engigutdiein such a way

tha 20 45 G SE el Bt iSIPCRer 0 ek oht et angfedieht sonsor,
bui mﬁy b8 Béparith® HRPMA | s ﬁﬁ@ulm fettaQIéCtB Q3¢ hfedsliigE Head which
anpl e becones contam na ou h this is

is @nlmm@r fon pnasespccu@ @qgawnplm t!;lh cmnﬂext ¢fea disporahlpamicasuring head.

f a |n an as . 30 0ssi bl e
T B lTERS H MRt 3 i R, Tt e oraf head coming into
compdtivael thé iliquit swiniﬂle dbed i hhivOREbe dleitred i h €6in Fr& mannet after taking
devi ce. This _enables the |ight source, as we as the

a maagemen i addigopeas. aydispesebls rab dt dassviet haee fo bpufamed so as to be
fl
e 5ot ety PR ) 1 2

are- at an angle i zontal and an
angle of 90 to one another, so that a ray portion

d bst I t 1y d ds, foll d
bf?egi)g% ngtj%??ﬂqaeg]&% %@q\%gﬁ pgey'lsgnv\g]g éadS 1S soo cor?s\é\r%cted that it is

immersed into a urine sample, at least until a recess in the measuring head, which is

traversed by the light ray, is filled with the liquid to be measured, in particular the urine. In
addition, it is preferable to arrange the light source and the light sensor in such a way that
they do not come in to contact with the liquid sample, i.e. only the measuring head which
touches the liquid sample becomes contaminated, although this is immaterial as it is a part

which will be exchanged after one measurement in any case.

A possible configuration of the measuring head comprises an optical fibre with at least one

ray-deflecting device. This enables the light source, as well as the light sensor to be
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portion and a ray portion which is directed
substantially vertically upwards, is constructed 5 in
t he neasuring head, have proven particularly

advant ageous. Said recess in the neasuring head is

| ocated in at | east one of these ray portions, so that
the ray penetrates through the liquid sanple

substantially freely in a specific portion and detects
paskiangd sbeve the diquid lovel of theysne torbeexanined. Jowdrayidefipitors which are

u [ n v on of thi,s
o3 RS Iy BRIRLELIL ML BT BEBOCID Gl driten ol rav portion
leadihg) sabsmeiitéaliyngersiysilye dob@ivatdse iﬁﬂk‘ﬁfb@'b}f Qr Sistantikie horizontal ray
anount of crystal, former which |eads to the
ParipR ped A ARy B@m@py&mm i5 diseqteshsubstaayiplly vemically apwards, is constructed

nSHEATRR b RSP SHRBIGE) ! B ey g mcsrin

heddtietovateddnias Iaasemeasf these myqfatmm soIthsttthe rayopéietrafedthrough the

0X e, or osphate . 15 solution is
h%‘iﬁggl"@ &“an'%tw@ygf%%x m P8 $ P%ﬁonéndrfl%t%@}?pg@ in transmission
ofe@hi‘ﬁﬂﬁmmﬁﬁ, t he anount of crystal former required in

proportion to the volunme of the Iliquid sanple, it is
necessary to determ ne the existing anount of quui d
L the urine to exam.ned.. Wth a known we

Wit oAl Sract sSutioe, 5 2 aveoiien o Wi RIS, 3goRinglp possible to

deteingiy, i caﬁjaﬂ&@dw&lmAA hﬁ"té}ﬂig ¥Rt f&ﬂﬂﬁlegﬁs;&ersfcﬁm% WY amount of
of the liquid level in the sanple vessel
crysialforraer whishtleasdsdadlee Uflh@thmgmtaﬂmmn sﬁarsphmon ewlich contains a

Ed I t asu
SR L L Ut A% BF o e PR 7 ippion is (o be
deprimpraelels vsed aeMaileforred Sorp@alsfoumer $6S edrfiplehiA@hoXaite or phosphate
SOEJ‘U@o pen alr of el ectrodes bet ween whi ch cont act is

Ut g er{%lagﬁgzwﬁ former 196 peing sample- which in turn

may be detected by resistance neasurenment. A device

for determ ning the geodesic height of the liquid
For enessurigg theeaheht taf dryn&alnﬁ)mar raymired dacprbportion to the volume of the
. transm.ssion neasure i.S rtlcularlx referr
hql‘:!%‘@?aé?%u\‘/ls PHESBL AT AL P Higme R urtply m the urine to be
exBAMAC VPith bOkbWIE waiBht af e dahipl A RBAERT il Y;‘AH BQ determmed using a

enabl es the nmeasuring head 30 to travél Into

weiglipg apprass®| from above and therefore to be |mTersed

into the urine. If the height adjusting apparatus is

so constructed that neasurenent is carried out froma

Allengativelye firy wodesibhéight off the MghiieledbiShans @arﬁ@%%@éél hfay®e measured
. vertical _direction, glti]tthe geodesi ¢ -5- height of the yoem

in |the, 675¢ ¢fed &nowR form e csammnle vatsel in orderdp deteuiine the volume of the
meaSirRg | l%l@.o%ﬂbﬁse 'apP&tituses are conceivable for this purpose, for example,

moisture sensors which have an open pair of electrodes between which contact is produced

by the liquid to be measured, which in turn may be detected by resistance measurement. A
device for determining the geodesic height of the liquid level, connected to the measuring
head for transmission measurement is particularly preferred. Preferably, the measuring head
is then, in turn, connected to a height adjusting apparatus which enables the measuring head
to travel into the sample vessel from above and therefore to be immersed into the urine. If
the height adjﬁsting apparatus is so constructed that measurement is carried out from a

known reference height from the distance covered in a vertical direction, the geodesic
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be determned if the position of the liquid sensor is
known. In a particularly preferred configuration of
the invention, the recess in the neasuring head 5 is
used to determne the position of the liquid |evel of
the urine sanple. The initially free neasuring head,
i.e. thereis noliquidin the recess provi ded by

transition neasurenent, is noved verti cal lt{ downwar d
height of dheyligeid levsh and thevefore theivelume of ligwidiih thehsanipling epntainer may

d ch
b e A R bR Bl Vb T 1 cvel o

may then be determ ned fromthe known position of the
recess .and the light ray 10 travelling therein as
In\gepartigijag] herﬁ%%mmm therjieveption. fhe deqgas insthgfmeasuring head

f
881 85 T8 LR sd S e el i e

cul atiron
meﬂ’sunhg heph deathere fsato qumnm tlitOredess pravidébbP bréndiion measurement, is
ns of sui t abl stem _In a_pqgssible L
¥ Pegtiealy SRvnmacd i the disegiom ot ghe ifaid deveh ik the liquid to be
ele.'h'u{& peRBPAEs | in‘f’o iHTRYRE ahd Q%%E@m%méﬁxs‘é ﬁsﬁ&aé@sﬁhon of the liquid
hi s purpose and presented to~ a sensor
letﬁ} maathenobe defekmingi chomytht dmowhhpesitiy oBehe taress and the light ray
ﬁgﬁtﬁ anlon1 nuelgﬁlilvefle -effect transistor
Grgras el a5 ihe distance cRYTSE nenbrane. The
fluidics systempreferably also conprises an

apparatus for introducing rinsing |iquids for cleaning
Theumeaseed valne @%Ithﬂoﬁ@@mgcmﬁmlomr{%? d, réquited for BRI calculation, is

o f dto present a cal.ibrati.ng 20
T X C——
mmﬁltoa"lmanﬁiblw’lmw:e%%tétﬁrﬁz ] %wlﬁléd:oﬁﬁgmfaﬁbﬁ a Bﬁlém @mount of the
and of the associated fluidic control are within the
unigated pying pamplgds EapeveRifrora ghe sammhe vessek for this purpose and presented to
r Vo t eptio
o GAI0LL E09 RE L3RRS GRS e Py BERH BBt o
selectinr fisld—effﬁce tmnatistor wiKéle cordprisss in’ Rin-gélictiSe Inibzﬁlh@ne The fluidics
m crocontrol | er external ly

f
Sy%%ﬁmr%efﬁ EPLY ?@0 EYPPREEHRN BPPARHIE foriftpdcrg sasing diauidsefor cleaning
pulboBés. Hop éahﬁraftlﬁé ThOkehddRU Gt hd t1@1ﬂ\?l rabf&j%ﬁstori?r)ése?l 2%alibrating

be produced. Thé neasuring hea
solytipalithayeteeVhe eomamuctlmh dof g pmnpm cantainers; anxl r&cbarers&@qmred for this

puﬁ%gar & uﬁi %lpiﬁeqcé ?Cgh dev'tlé)g m&hﬁ %léliif)é g i)grgon skilled in the

artcorrponent vvlth a set breaking p0| nt, which is so
constructed that the holding device may only be used
once. This means that the nmeasuring head can only be

FoH%Sgﬁcﬁﬂﬁg'thé gf)paratus according to the invention, the apparatus according to the

invention may comprise internal or external control units in the form either of

microcontrollers or externally connected PCs, by means of which an interface for the user

in the form of input units and displays may also be produced.

The measuring head preferably has a holding device for holding it on a mount of the
apparatus, the holding device comprising a holding means, in particular an integrally
connected component with a set breaking point, which is so constructed that the holding

device may only be used once. This means that the measuring head can only be used once.
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Acci dental repeated use of a neasuring head, which can
lead to distorted results owwng to inpurities, is

t hus avoi ded. Repeated use of the measuring head is
precluded particularly reliably if the hol di ng neans
i s made unserviceable as a hplding neans after the
first use of the holding device. 5 In a variation,

N TRHIB S BRI YRS Lsh Il L BAOE s i

m‘sjﬁﬁ&@i IS /ﬂnfstwaﬂ@ed Repbted s StfSmeisu@ingtHead lis pricthded particularly
exam ned may be determned in this way.

e be
cehighinik fep ﬂilatdm&myan& i anadeamaervivgalile a8 aheldiegmeans after the first use of
in such a way that it conveys the |Iight
thgﬁ&ﬁh&%%gigbn1the li ght source along a |ight path,
adj acent to which the sensor is arranged, but in
whi ch the sensor is _not directly arranged A nmeasuring
In gevamatigns thg sneasiing head lﬁﬁpscotl%@t%‘}lab corays the light received from
theBRANoRr R L AP '
cRoSre A LER Ao AP EF D ol A Samplc o be
exmmadgn&mbe degerminedin thfsaday elative to the sanple
vessel, at least a portion of a determ ning device for
determning the liquid level of the |liquid sanple

Ali%@hélﬁ/epf QHé GRAstthd REdBAT Wel cflglsfll@&gd il 31151'1 AR 3{) that I?lecenveys the

exchandge of the sanple vesse IS advant ageous in
héhye@a@d fromt the I@Assaurmgalhmd light ity bidgacent tct mihéch the sensor is
h In the descri,b devel opne

d
snppfed R0 ARG SoOr Mo R T BF R cMPRHRBRFY bpfiguraion
of tisie @ﬁeﬁnﬂﬂﬁ@ﬁ%ﬂ A& mieBsurk behitlerbd 1004 Erovlldedtﬂjﬁhé fGeRISahdple.

the neasuring head is a part of the determ ning
device, the light source and the light sensor may be

S [ ve on et her
T 0l b Wil W A SHER B g IEP R iigihteda retaive to the
samp]et vesskloyt Ibdve alpoghun maaenmndxmwseyﬁd détermingly thbdiquid level of
nﬁ rln% éS head .changes on enter;wg the recess into
the Jguid; gpiple beipg Peovidedyen mng/h T sirplify dhe exphange of the
S
S PR S REMD CkP i 1R hRuARE B BnbPRfe reative to
ﬂlG/ s@;nplhefenﬁé,slmr ihngibbeadeéombedi elbeclnpmemg this pavaemene mayf at the same
i Igl t?ﬁn%deto be. ex ﬂw the fluid duct.
lmleh(foéwﬁ Shthaps Bypdde g t&“ﬂﬁ‘é”t d¥eli so 30 exchanged
when the neasuring head is exchanged and this makes it

easier to keep the neasuring apparatus clean. -7-
If the recess in the measuring head is a part of the determining device, the light source and

:’E

the light sensor may be used for liquid level determination, together with this recess as the
light intensity of the light emitted by the light source and conveyed through the measuring

head changes on entering the recess into the liquid sample to be examined.

A fluid duct of the fluid system may be constructed in the measuring head. A portion of the
liquid sample may then be aspirated via the measuring head for determining a parameter of
the liquid sample to be examined via the fluid duct. This aspiration fluid duct is then also
exchanged when the measuring head is exchanged.and this makes it easier to keep the

measuring apparatus clean.
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The fluid duct is preferably closed by a sealing

st opper which, in the neasuring position of the

nmeasuri ng head, is penetrated by a line portion of the
fluid systemon the neasuring head receiving side. A
sealing stopper of this type allows the fluid duct to
be seal ed cleanly against'f%m line portion. 51n a

preferred devel opnent, a fluid duct of the titration

TheyRuid uckis poefetablyctlestdiby 4 sealingstwpper whicheidthe Measuring position of

separate titration fe i into the .sappl.e vessel .
th SRk bl B pBiteatrd s R wgriant PEARDIBId sy SERT B dhe measuring
hehd rvePMhglside f O kedlinkslstdpper b thﬂé' koW M fuid {6t to be sealed cleanly

nmeasuring head conprising at [east one flow
agawiibadine poftionpar ti cul ar at | east one flow bl ade, for

co- operating with the liquid sanple. This allows

defined m xing of the liquid sanple during stirring
Inan @réfoged idevetopmempraoduld Bha exaE Hiddation PteiN® omthMted in the

sanple, 15 In a variation of the nmeasuring apparatus,
measuingheadr Antppaiats Wrationfsed pipe intodbe supplgntessel camihen be dispensed

term ning the concentration. This allows reliable, '
subst ance-sel ective determination of concentration.

Wth regard to the nethod, the object of the invention

[ hi eved on the o and, Db 0 net hod, fo )
Pr i ﬁgsﬁaferilagpf&"ggﬁpﬁl% Bt}rmétﬁm lignid gpmele. dhp| mgasuring head
coﬁ%ﬁsﬁ‘i@oéieregﬁs&{e' ReR cdiBsbiehd, 23 5 aﬂﬁg%&&ﬁﬁﬁé ‘1o bfade, for co-

the invention. This object I I eved, on the other
opheafidg wily the liptihoainpler Thisaatiomisndg femetl ingixing sfathel lequdd sample during

Ltitration, .conmprising.,the fol ] ow I eps:
stifsiig RS Toes NeRetcrt e reaionof e degiCimmle of ¢ ne
liquid | evel of the liquid sanple by introduction of

a measuring head from above into the |iquid sanple,
In gecagiptipm af Asuring appare@ACBAtIMEASHONE SYStem cowsiseom epectrometer

f. ] ' J L Ophi s | e, .fieedi ng of - A
fot YE e ooqioh T oBEHR BuntlF o osdirsimpeminacion
of obndehmatisransparency of the liquid sanple after

i ntroduction. Defined, reproducible determ nation of
the liquid paraneters is thus possible. Preferably, a

WHR Yedhi® B BRSO 28 rcibi&t ek hﬁieﬂﬁﬁg isoﬁéhgﬁﬂ%%n the one hand, by a

feeding. This ensures 30 particularly rea
metlept fetuciablisingrotiqesl smndertyi tifration, whibh reagdoys the abose-described
mﬁ%@%ﬁag@rdgnget%nthg v%];ltign.uﬁlelg o Jegtsilé rau'?i VQ(F, %% ti:\g other hand,

by a method for examining a liquid sample by titration, comprising the following steps:

—

preparation of the liquid sample, measurement of the liquid level of the liquid sample by
introduction of a measuring head from above into the liquid sample, determination of the
concentration of at least one type of ions in the liquid sample, feeding of a crystal former
mto the liquid sample and measurement of the transparency of the liquid sample after

introduction. Defined, reproducible determination of the liquid parameters is thus possible.

Preferably, a new disposable measuring head is used prior to feeding. This ensures
particularly readily reproducible processing conditions with regard to the measuring head.

Cleaning of a used measuring head is unnecessary.
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Preferably, a concentration determ ning sensor is
cl eaned and/or calibrated prior to determnation of
concentration. This provides defined conditions during
determ nation of the concentration, so
concentration-determ ni ng sepnsors which have a
long-termdrift tendency ﬁﬁg al so be used. 5 The
| iquid sanple may be stirred before determining the
Prefsrbdnt patonsantratins detesmining sgasdrnisd clreeesliandgr cahbrated prior to
e
AR B oo AR FRRARTKs Belibdd B font Qi gergrpination of
the a:iomubxﬂtaﬁdn,f 50 nednbentratioa Wetdmundhg eensdrs CWheR Nhdvat & dBng-term drift
and 10 tr parency. This allows a
t %HFW&‘W ‘H@%endent crystallisation point to be
determned by a sinple nunerical value. Preferably,
the pH of the liquid sanple is additionally
Thtelignidi semaple Thay ber stitrak befodel i detcamading | thé atoteériteiion. This ensures
bout the. constitution. of the |ligujd sa 51n
Ao PreBrE e e A3 AP s ba R b démﬁan}e isaneasured.
determined. This may be used, in particular,

correct the determ nged concentration. Additi onal
Preferpbly aﬁampmem;s wlwtefb &oneﬂnsun@dm@d ivalpes béconcentration and

R S APARA A Sanc R A SIS S0 SR ACKE) BRI be determined

bm&,gﬂ@b@{@tmyefor det erm ni ng a large 20 nunber
of li1quid paraneters. Liquid paraneters of this type

may be: the specific gravity, the content of or the

A T ) N T —

infpimaatberegbokiether@nstituidn bf the 13quld dabdfde.n, urobil li nrubin,
eryt hrocytes, haenogl obin. The 25 separation of serum
proteins such as albumn, transferrin, globulins,

In laB8MBARIME Rith gf te %rfr?ﬁglnirlzg/ %?%%@?.Iﬁﬁg may be used, in

i nvention w descrl
partihibar ctoceprtest ﬂ‘medeftcrtrhmd ncgncbngm(:es Anddlitidnal fifoid parameters may also

errbod nts. Fig. 1 shows the tical neasurin
s?‘seta% ‘fs%ﬁg? %SP@H% hiPRAFAILY: ofn) 40, AEVARIAgEPYTY d%vglopment, the

measuring apparatus may be constructed as a mobile laboratory for determining a large

number of liquid parameters.

Liquid parameters of this type'may be: the specific gravity, the content of or the presence of
Na, K, Mg, NH,, Cl, POy, SOy, creatin, uric acid, leucocytes, nitride, albumin, proteins,
glucose, ketone, urobilin, billirubin, wurobillinrubin, erythrocytes, haemoglobin. The
separation of serum proteins such as albumin, transferrin, globtﬂinﬁ, immunoglobulins and

immunoglobulin fragments.

The invention will be described in more detail with reference to the following figures which

show embodiments.

Fig. 1 shows the optical nicasuring system for determining the crystallisation point.



10

15

20

25

30

Fig. 2 shows a sanple-receiving region with a sanple
vessel and a sanpling plate as well as the optical
nmeasuri ng system according to Fig. | and the
associ ated positioning device. 5 Fig. 3 shows the
nmetering systemfor titration. Fig. 4 shows the
fluidics system Fig. 5is @ schematic external view
of the measuring appliance. 10 Fig. 6 is a view
Fig| % shawstaosapipde-recepfingiregiin with atsanplavecsselrandp saegdingqlate as well

an optical .measuring system Fig., 7.iS.a yiew alan e .
Si gHtS thE Retithl sty syqtem afkording togFig 1 and g pSpciata positioning
alonggvidel 1 -VIII in Fig. 7. Fig. 9 is a view along

sight line IXin Fig. 6. 20 Fig. 10 is a view of the
measuring head according to Fig. 6 fromabove. Fig.

. | ' q!&gg ' -XI in Fig. 9. Fig. 12 is
Fl%]%‘ %@vﬁgﬁgﬁelt%rg Xam flﬁ#ﬁg“%ﬂ% qui d sanpl e by
titration. 25 Fig. 1 is a schematic view of the

.optical asuring systemfor titration for determ ning
F‘S’h‘{e S%Wﬁg"aﬁ!“ﬁbcétsb’%ﬁnpoi nt. A neasuring head | absorbs

light froma light source 2 and conveys it to a |ight
sensor 3. The neasuring head | is forned as an
Figxt Hiangdanhaticiaxidraliview af theandaaurimgappliagtes posabl e
unit. The neasuring head al so all ows an arrangenent of
the light source 2 and 30 of the |light sensor 3 above
Fi%.f‘be ik 8\&dw SfmildSo h“gé] Yi &F apaiiRhftivd Heabilbhedfhl $6t alno&gfgal measuring
he measuring head required for this purpose may be
achisgsted; for exanple, according to Fig. I by two
reflective surfaces 6.1 and 6.2 which are at an angl e
of 45 to the vertical and at an -10- angle of 180 to

Figre ianeidieilonf sighhBfie VHNA FgElcat i ons are concei vabl e,
In particular the use of a substantially horizontal

reflecting element in the bottomregi on of the

Fi L O : -shaped ray configuration.
‘%ﬁ?ﬁ?ﬁ%@"ﬂ a#ﬂ;ﬁﬁ X%I?ﬁ%ng light |eaves the Iight
source wth

Fig. 9 is a view along sight line IX in Fig. 6.

Fig. 10 is a view of the measuring head according to Fig. 6 from above.
Fig. 11is a section along line XI-X1 in Fig. 9.

Fig. 12is a flow chart for examining a liquid sample by titration.

Fig. 1 is a schematic view of the optical measuring system for titration for determining the
crystallisation point. A measuring head 1 absorbs light from a light source 2 and conveys it
to a light sensor 3. The measuring head 1 is formed as an exchangeable unit, in particular as
a disposable unit. The measuring head also allows an arrangement of the light source 2 and
of the light sensor 3 above the. level of the liquid sample. The ray deflection of the
measuring head required for this purpose may be achieved, for example, according to Fig. 1

by two reflective surfaces 6.1 and 6.2 which are at an angle of 45° to the vertical and at an
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a directional conponent pointing vertically downwards

and the light is returned to the light 5 sensor with a

di rectional conponent pointing vertically upwards.

This enables the neasuring head 1 to be i mersed into

the liquid sanple without soiling the liquid source 2

and the light sensor 3. It -il®—preferable to introduce

a substantially ray-shaped light ray into the

anglaslit307go lbeadnothér. Fifh¢rhicnfighetionoasicehceiwbla in particular the use of

he enpl oyed wave

a Pttty horionatip et RaleRosaent it e borom BrippaLale pomring head and
a | . o). .
Vel wi'd'j/%dﬁﬁghﬁﬁbﬁ. Prleforatfly, M@K}!ﬁhﬂﬁgﬁﬁ?ﬁéﬁ@&%ﬁ@t source with

which are 70-31%transparent to visi
a giregiionakconepancntipeintingy verticathyy ddvenvpardsl and thetdight is returned to the light
inject.i.on-noul di ng or by machini ng processes y )
sepRC Al Biedierih Smmtbenbnoiing. vErGaRs vrourar | B enables the
meRYiria); Head 016 bs imflerdiaftd. thé BRSPS SithodtWBiling the liquid
i.nfluence 15 of scattered Iig(hlt may “be ig(r)lore%almfgoretlﬁpe11 source 2
%h%bghtrﬁgnméd and nerely the external regions in
whi ch ray defl ection occurs are then advantageously
reflected. Alternative configurations of the _
It ieeprefirablg th &retebdube b wdbstgltfly thy-Bifped HghORly 6@ thbiRring head. If

pbased on polynmers for ra(%/he_ positioning. It is also
thisfhercoasiste of @ mejsaiahpdichoisi Basparnboiptesi eveploysd wave length of the

1RRS AN e f 1 othgf1 LY trlc

Fcont i gar at 5n {(-;b?‘ t%%gmﬁe?egsurl ng héé%g.ill%%&ggﬁhwg@ or Makrolon

(pelyt-abomats), fvolick Gire @Rl %, trinsparenite 6 S4siblei Kghts 8T plaStScs materials
first por t he neasyyring head with downwar dl

i on.of t L y
whih sy s R_raé‘_mﬁa dyipisrierymoplsingoske maehipmeprogessgsirasy Zenerally be
usE@YARGRAGVP thE opiScal @i'bf'eeﬁl'élf disy gelglsrr%t; 2 |Sgﬁ1 %ﬁst: %ges, the influence

formation of an Interface fromt
of peattened hghtireasibe gnbied fopthe memginong head 41l meehsthe external regions in

wlgélg? i%lrt;fléﬁtboex}t %@@?Fegrggléﬁv%ggéé yer | g(g%l qlfg%éagéretcﬂgﬁgurations of

th@anessatlg HeadHaslude @, fibes AOopYAl dftles DafdeBn’ SHIARs f
of. this type is ske[g;:hed in Fi g.ﬁg. Forest aki ng n! s for ray

pogitigning; Kd§ also penesivablein sepatate jegions of 9ppesing my positioning from one
j t] i-br ver a _specifig, .

bBLE8 ! OGBS UE g ! i g e s, o

examplehitph at bhecebs guitich t sephatesex afiish gsbriem edfr ﬂieeﬁnéa@%ﬁﬁ? head with

i mrer sed..state shoul d preferably be provided in the = =
doya &[ﬂﬁ}’ rijrestsdn By postipring JEemg sa §ea:rmfo prd i whick ray positioning is

ditk@eAt Qv BET Bl t§ fhae r r A ateri
l'ight = ray. Thi sg’li g ?]Eeﬁbr{l]%taglgéﬁg%b%tﬁr%% r%énsrgtggu‘?lﬁtne&al of the
mqa@ar_mginead ¢ thet dpenapgipo al theirbeess,atodstutk berneen thicigdvahal regions of
raya ggs'ziﬁon?qud ithﬁg’ eﬂi‘éa%ﬁﬁﬁg htezlgcf vlviii%ﬂtreégcneg ot{me %ocur%gy of measurement, is

avoided. A free region of this type is sketched in Fig. 1.

For taking transmission measurements, it is necessary to- interrupt the optical fibre over a
specific irradiation distance. According to Fig. 1, a recess 5 in which the liquid to be
examined penetrates in the immersed state should preferably be provided in the measuring
head. This recess 5 and the liquid located therein are then traversed by the released light
ray. This is then introduced into the measuring head or into the optical fibre of the

measuring head again and presented to the light sensor 3.
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Fig. 2 is a longitudinal section through the
sanpl e-receiving region 7 for receiving a sanple
vessel 8 positioned on a sanple plate 9. The sanpl e
plate 9 is so positioned that it provides a support
which is as horizontal as pﬁésrble for the sanple
vessel 8, for determning t 5 position of the l'i quid
| evel as exactly as possible. The sanple plate 9 is
also allocated a notor 10 to allow a rotationa
I S WngltGlindl Seotih gt B iR TRty bl I 3Pt eBeiving 2 sample

V@Bdtswcgltl@ed Ion\ﬂesrampﬂnjplatacﬂ I'Bhe sangblé¢ plate Qriz,ysd}ﬁ)smoned that it provides
This

h f. d
I A T I
posRRinesf fhedifuid oK ke %ﬁ@dﬂtﬁ %g%@s@lbfl@ r’['}{ee%ﬁ&gé Z:Ite 9i is alsd) allocated a
regi on

hygi ene. In particul ar
m@@r 1810 eH@wmmtwgalsmdeemcntéqnmuangm;e Lidpaidl smhpleamh@mmple vessel

88 ak%‘%r ec?éﬁ%‘ﬂg I terr |I%te:1£é%l%ﬁel I an‘ﬁ‘%"hi and this may be

amream,nfos Six@plee dUd er@ﬁétm anlv@ CPhigGnalaye eﬁsz?essaamaﬁlple-recmmg
vessel in the sanple-receiving region 7.
TegioReh 1) ﬁe Sealed Jtom the wstenal aegion rfor raasamsiof hmglene In particular, the

rePiofi [ EhAY bE ‘P&tgé T E%?s@ég’lfiggﬂg glalclzhrlﬁ S»t/q%flr t&ﬁ{] {h&ﬁﬁ?a@g of liquids

n the sense of a di sposa

in® mbummarmfahe@mmmahllypfamd&&. measuring system
and the light sensor 3 are preferably arranged in the
measuring head 11. In a preferred configuration,

T‘l@h@&‘ﬁﬁﬁ% hehd'§ AR AR} Pﬁ‘?cqslﬁ'@%r hEls Ibéat@t!gﬁ)(\)l\cv%ttgg S%lee vessel 8

ki ng and/ or detectron syste nean
in gthe sathpleisedivirgassgiom(. heasd ﬁicedram hemegiueiap eltbadr cantierCll and can

r nmeasur i head 20 as used when it is attached ]
el B feteed B Beftmamal am&r‘geaﬁﬁ%m th sgn365< GiFgpsable article,
THeQipht §81ir8é 2 WhicH Mhailsdbin e?itlﬁ'so é frtbaliih a&fx{r’]%ﬂ?%thﬁ light sensor

of f and whi ch actuate a sw I nse
3 are peaferably maed: ar ﬂlpeneaamenahmln@e dn arpréfesredreasligiratipn, moreover,

r eak so that t sW, t ches canno
th{;g?etgﬁng%er é agaFrnIS ?“‘Fﬁ e 4 mear E u@@é"r\l\%‘éﬂ’é’% PEtrm S’y means of

whiclaas anreaay us¥dmeh Giting heb® 11iigy B¢ @&béred b@ﬁhlc]ihﬁaricb 5§ﬁeasunng head
has, a short duration and the second si gnal

as Z‘Ss% kaPP’é dt t15r #taghesitort e inmssiedi jo rﬂlech@sd aminpic ﬂlhei pOSSIble

BRSSO 1 SHET e R e A 4 v e
insefted Irﬂaﬁwma@uhﬂgﬂemhmm&r aré hrrhsged U6 hesdsirhgthead. The pins break

S ni stem whi ch substantially allows a
f@“é’r'ihr‘tgiﬁ Srravggse?ﬂm% ¢ figastes aggin Hdhearergawed. The svdteh transmits
twb sighhR th e bleBirficsS GHB!fest sighfal has a short duration and the second signal is

applied throughout the measuring process and at the same time serves to check the position

of the measuring head.

For positioning the measuring head 1, the measuring head carrier 11 is connected to a
positioning system 12, which substantially allows a vertical movement for immersing the

measuring head 1 into the liquid sample.
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For carrying out the investigation, it is necessary to
determne the liquid volune of the liquid sanple in

the sanple vessel 8. This nay be effected in various

ways. On the one hand, it is possible to derive the

vol ume by determi ning the weight of the filled sanple
vessel 8. For this purpose:lghe sanple plate 9 can be
allocated a weighing unit. 5 Alternatively, if the

Famhegseying ophthestmvpitigatien.sis|is ingcdssrawrio detesrmymy! theeliqmig viobume of the

. det erm ni ng,the. geodesi ¢. hei.ght of the

QTR Bl 2 e GPAIE VPSR o TisHBRE BF e 3 yaens, 8Bz On the one

hdhd, i BQRIsEBLY &t d@fve theWdlGihie byl defidthfinidgtRE H@%Jt%f&h@ Hlled sample
14 is connected to the neasuring head, and the o .

vesedi Bi di9F nthiss yoaurase,1 2he gamphre phiesr ¢ang brealipeated a weighing unit.

o | K

ARCREAT A o ibe oF e SREISLERY SYTLER, e Jokinpe may be measured by

datefrinimgdbe paidesic height dDthediduicRveldifshaliqsid campledd thy sample vessel
hge ngasuning head 1 until it reaches the liquid_|evel .

8. yFopbisuration 1p gviaeh @ hgwd detrstion systemotd isheonneefgd do the measuring

| : I sgel 3. i . "
heS8Fe S PERGHE Tl 12 £ (nb ImBaBE Wl ipyalocated a position
measnpng sgstenodt mqrartsaldrphprefdrmed. Staeting &bmr £ mpeeific reference point, the

e DTS oLty LGt Bt ot s
use@ 6 'Rebriing 1R VOIARE0fMHe TGAM SMidIO%h Wﬁéﬁ;gggiﬁgsemy In a possible-

be ‘determ ned by a suitabl'e sensor, for mple a
configurationa thes pesition emsasuring systsmmektr coumriees lchatact switches for the

ing.mtar is selected, as the driv i t.1S
refih S0 p08aPD. st S siumendr cefels o¥ g eetienrors
the novenent. 20 Fig. 3 is a schematically sinplified
view of the netering systemallocated to the titration
Insgddition.f the distaare Foxereilyly dhe foeasuring rhead tiwing pegidoning may be

. - . [ .

KRR s, i hASEH, e R BER £hfichfl Mlebf Selopr gy p gear scale. 1f 2
stepping motex i sdlected ray sthaldrwveatit @nunhdcessahC tal iz hadipbailesensors to
deld, stallisation in human urine is to be exam ned

FAORE G MYYESHhoni um oxal ate sol ution is replaced by

a phosphate solution. In a possible 25 configuration

of the netering system the controlled, volunetrically
Figrkdd 8 schaiaiticaly sunplifiesl viewyeft the riciening systene hflecttattdthe titration

| yi reci sel redet erm.neq pressure to a .
v BBl dee g il SrRET BT H5E Pl 4 GEN frgmonium oxalt
soluioft @f. préferdbly Sadde@d WS CheDYr@3td USRmb? RRJ offEQ Mgt QhRfIm oxalate
by a pressure sensor 20. Using an extraction tube
CW%@@E- ilhcalciume phosphate enstallisatipe sipukwmam urine is to be examined

: ce ¢ ' 7 h r |, forner s conveye .

S 0 B8 a5 575508k 63 s RIGIh o possive

confipiraton Sflt]ﬁlddgtbﬁﬂgl systerhhe ol @SIRId, WOTuiRiridallyPrédi®e addition of the
sanpl e vesse

cryst:Hp ormer 1s effected by applying a precisely predetermined pressure to a resource

container in which the crystal former is located. This is produced by a pump 19 and
monitored by a pressure sensor 20. Using an extraction tube immersed into the liquid under
pressure in the resource container 17, the crystal former is conveyed by the filter 18 to a
nozzle 16, from which the controlled addition of the crystal former into the sample vessel 8
and the liquid sample located therein then takes place. Alternatively, the crystal former can

be introduced by means of a metering pump, not shown in Fig. 3, rather than applying
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and the liquid sanple |located therein then takes

pl ace. Alternatively, the crystal fornmer can be

i ntroduced by neans of a nmetering punp, not shown in

Fig. 3, rather than applying -13- pressure to the

resource container 17. O her volunetrically precise

met hods of addition may at$d-be selected for carrying
out the neasuring nethod. Preferably, the liquid

prasunplte the leourbecattiinereld . @thémphithetritdbdpregispmetdess of addition may

Thi s can effected by rotating the.s | e vesse], ., .
alsprhe sef e o Gaph UL HeHERSEE HEDOR rre Ty e digicksample will
beshfBd ﬁﬁﬁhg‘ﬂ)esﬁecﬁné pRWeSY. TBIsan be effebted ﬁg%@ﬁﬁﬁg {l2%ample vessel, the

fluidics systemof the measuring apparatus in a

megsurargshead 4| immerserdointd thediquirhsamgple thien actingiseaiflbwibreaker.
exam ning further paraneters of the liquid sanple, the
content of free calciumions being of particular
Fig. it €0t thi idies QIf thé nit@surld} ﬂ%ﬁfattﬁsoma a 5QRniakicAlBy simplified
tenperature and the pH can al so be detern ned. For
manRers Itjs upessor examindeg further paremietsrs of the liquidsapiplaithe content of free
l.e | t a e, t t.i call r. by .
calf AP G el BY SRR ieRn b B ST HRBCNA Yo dhe wrine
tenhpersitreodnd the PH Lai alse be phbificd AFomMdisiput peeU A sp&dfi¢ fiction of the
. liquid can be transported to the internediate
liquigrampleis remaypd fygm the samplecatameticallypriby the user, gad conveyed to
3 n r j t i.n .
the thidics sty BEIRRAIOF (M ML SyWRER HERH o WSy s Fiuid can e
transpopted tautkk intemiediaté iconiaiter 24 dry exituiidgethe falvest23.1, 23.2 and 23.3.
calibrating solutiqn 27 and a 15 second, calibrating
ThE Gorsrish DR ioficed thereirein i 8ir SYMP 4% (V88 4 fiip easure, both
theCRANBYaehpldaRY Hirth&NBqHian Sk etila.ﬁ‘l?ger 8%rst LalitRatfleS Solution 27 and a

possible’to ventilate the ducts cl eani ng pur poses
seopng colierating solutipp|2p #Swelhas arcledning sdutione2§ cambe mgneeyed through

vacuumn i he .fluidics st em u or, exanpl e a . .
the 5 Phieh 2408 pto oSSR A3 VErtin oY Moy kP RS Ruposedvia the air
supplly 38.CANAN Gdradtiv@tolBin20d vaRGMIinithe fridiss s¥steda pump, for example,

I on-selection field-transistors (ISFET) o whlcﬁ Lﬁe )
a hpgg, pumpemay \hetysefl Jop ransprtingsthatligyid. (s configusationis ot shown in
Fn%gjtable menbrane, are preferably used in the sensor

l'ock 24. A pH sensor and a tenperature sensor may

additionally al so be used as the sensors. 25 Fig. 4

does .not_show the details gf siqﬂatlin and control.

lonyiclechip dicit-HransiggrsyaSTIEh: plowhich the fosy selsciingy s bropgbhabout by the
chdibe 614 &iﬁw;@gﬁn%e,' ar8 prefeiiBlylbed 3 iRl seflsoR bRk S, WEH sensor and

sensor signa
a temperature sensor may additionally also be used as the sensors.

Fig. 4 does not show the details of signalling and control. The apparatus may be controlled,
for example, by one or more microcontrollers, which can also process the sensor signals.
The measuring system may be formed as an autarchic unit, but it is also conceivable to
outsource specific control functions and functions, for example, for forming a user interface

or for printing functions, to an external control unit or to a PC.

Fig. 5 1s a general view of the measuring apparatus. A housing, in which the transmission

measuring system with the exchangeable measuring heads and the metering system for
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The neasuring systemnmay be formed as an autarchic
unit, but it is also conceivable to outsource
speci fic control functions and functions, for exanple,
for formng a user interface or for printing
functions, to an external control unit or to a PC. 30
Fig. 5is a general view of lfhe neasuring apparatus. A
housi ng, in which the transm ssion neasuring system
camiyirlg Odtetigattdnangeairbments ase racogninedated ds dhowa. ht appargtus further

system for..-14- carrLyin ut tjtratjon neasyrements )
CORTREISER B AIEHES YRS [t P ings it SHEther, S5859T FIERgRtS, in particular for

mERTRAE S cohtbAtU 06 cAUSRE Bk Und SREDH REY Vi Mlﬁéfafutl—% fof the liquid
sensor elenments, in particular for "neasuring the

sagphe. dinly the sanepe-sedetvingrregions farrvtrodistiphl odacsatipde vessel is accessible

tenperatuyre of the.l.iquid sanple. I he .
to S MR T e Biognd Kedion 37 ARotirabl vowlifted feamystanless steel to
allo@s E@ly ¢18ardfk 64 Sdoakiguratib® id WISiEH -at 18ds6 portions of the sample-receiving
sampl e-receiving region is preferably constructed from )
regipn | hpeseoveredewithoa layer o tisanjymcoxideiin glsospreferred. This has an anti-
' [ ey I orti.gn - the . .
bS] QUTRL S, pathel ih SRl U Priridfgn, s, awtomaic
digihfeation of Ghi¢ d@mple-RbeEiving! RERN' €6h bd ltafiddasutanf anyv- li%ht source is
. bacterjal effect, in particular with _conjunction wt
integrated indhe reeen okthe samplestereivingireginn Jcior gHs BRIRORR it is preferable to

cIGRTR ﬁgﬁ E-?éc\é.i\’?ﬂﬁ%e%ﬂ;noﬁitﬁ Qw-ﬁgﬁ-?&%cir%ﬁmg&% to g{ot%ﬁ{éﬁ\é user.
it is

['i ght urce Is I ntegrated i’n the reqi

sanpl e-receiving region 7 for this purpose,

pref.erable t close the s | e-receiving regiqon wth L.
In gd‘%_w_ Foyhie 2fdbs epamEehu, Focppik i tenyepiion der exapyning human urine, in
patfifildri 8P dbRmHifn® thel BRI, APRApBisile 36 CRAMiMTa 18t REmber of different

i nvention for exam ning human urine, in partrcular

liguisis, tewhichiths wepsntissi@BRpropetties srepdvaidsl by the adslionrod agubstance and
n er of different .15 ]i.qui .i.n, whi 1t he
ot ARE UGS b eERiniohdh g R G AR RS o

a substance and for which quantities change in

.transmission is to be determ ned quantitatively. Fig.
Figold és g3 flowwherafor qapyingapyty thegmethedt fos examining fapliquid sample by
exant nj | i . OLH ttration in the exanple
tm%?i @@%ﬁ%ﬁ?gkﬁf@%ﬁaﬁﬁﬁéﬁéﬂ%ﬁﬁﬁ% nmeasuri ng apparat us

is swtched on in a preparatory step 32. Starting

par anet.ers, for _exanq{e, an identification code of
The facasuring Apparatis it Futiched m 10 f PEGRaTARRySian $ Hartip paggmeters, for
ex@&hpRARH T8 dTickBNP 284L of ﬁ{@?gﬁgf&é%wﬂ{pﬁ% RGnpRNLp 33 via an

paraneters via an LCD disp
alphanumeric keyboard. The user can control the input parameters via an LCD display of

the measuring apparatus. After the parameters have been input, the measuring head 1 is
inserted into a corresponding measuring head socket of the measuring apparatus in an
assembly step 34. The measuring head 1 comprises a contact pin (not shown) which
cooperates with a corresponding contact in the socket of the measuring apparatus. If the
measuring head is incomrectly positioned in the socket, the measuring apparatus
automatically emits an error message on the LCD display. The sample vessel R is then
placed on the sample plate 9 with the liquid sample and the door element 30 is subsequenﬂy
closed in a readiness step 35. The closed position of the door element 30 is checked by the

measuring apparatus via corresponding contacting. If the door element 30 is not correctly
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~the nmeasuring apparatus. After the paraneters have
been input, the neasuring head | is 25 inserted into a
correspondi ng neasuring head socket of the neasuring
apparatus in an assenbly step 34. The measuring head
| conprises a contact pin (not shown) which
cooperates with a corresponé ng contact in the socket
of the neasuring apparatus. If the nmeasuring head is
clesadothee melagmmgs pragoan demns tanecsor kessageh deasarsmenngs subsequently

R iV AP il oy b 10 B GBy fred in
letel em@wmgesteb 36 F8r Wié Puipose, Iths m&s&ﬁ@h@dam 8er RO a defined

el ement 30 is subsequently closed in readi ness step
zelssposxih@l bY arcsas pbshe pesitieriing sstern di2, é\rlm}nmmmses@ threaded spindle

SESFAFERY 1 AL B, 5G4 PROBFY messurin

systén- 13 llesdigtantd eoveab Is hegupsdogh aife fithbér dfite@sluféns of the threaded
nEf age. Measurenent is subsequently started

sping f-‘or?ét%oealawhe Te5esst 3 dumettedshie thegiquid samplguingotheiyypeds, as soon as
I n

the ﬁ)\??éféé?l@? %?gﬁ% ﬁec@r p?sao s§é ) Sﬂtﬂerh tro:i'\r%é Hgg@sl%wl:lé g’ngflfn\?/egﬁlty of the ray

falling ronéo def hglﬁdsensmr.‘o) charsges iasn ot theread hand, thé@efractive indices at the

B e S 2 e e SBEP o e e i s

ledst Bhk’ti‘allf' %ﬁ@ﬁlﬁ‘&te&ﬁ’lﬁgcﬁaﬁge RRShthQEy BRASHbY e aft fer 8{ the liquid

3, the distance covered is neasured via the nu
leweé\m Idatep@dsb)othet hghtt $emeerd 8d Assgionddsea defined chargs: baseoccurred, for

738 i B A P R e g s
instdntdRBu foFHién Qf &Iehﬁrehﬂéﬂ»%ﬁndl@‘f@ﬂete&t&ﬁby Hesptsition Mbasuring system

the ray falling onto the |I? t sensor 3 changes as,
Bokn tths” waw thgnliquid Heveleof the fiquidi mldesnaﬁletmpl@ vessel 8 can be

d .eghg'{eﬁtaﬁ%g&}f LQ%‘% Igrgmgl x‘?ss c&nﬁpaﬂgﬁ: %B?L(\]t he ag{})%n? of g%mple from the

height of thk liguidtlees uad dde than En@\lm figeidi volurié fNthe sympRUest] 8.
by the attainnment of the liquid |evel is detected by
the light sensor 3. As soon as a defined change has

A 86stihg Sp 37How Eﬂ%@{'gfa@e %1%8%@5@% {&hﬁe%%%ﬁ etermination. For this

intensity attains starting
pums@n&ﬁtqleanm@ sollunenzﬁﬁt snemyporadyi guided phsttthe sbhsfoealﬂeck 24. The

cte§fing gofiinf 2o eptaind for R Foihe QR S, bacteia can be

destryBd. erm@ h&sﬁlgsmlsﬁnmg P thé cledhing Rolutieh 25s F6kated a plurality of
exactly and concl usi ons can be drawn about the ‘anpbunt

times dysing|the ﬁlegmgh;éep F5il§ithe nreasuning| appaiats| ienok uaed:lfqrraeprolonged
|
peiift 3 1585 4o 5 Wi Sondly ¥ Rens G SR Rt F B i svetom and ot

pmcﬂmQ@mﬁﬁakkgm4deternlnatlon For this

The sensor block 24 is calibrated in a subsequent calibration step 38. For this purpose, a Ca
ion sensor and the pH sensor of the sensor block 24 are brought into contact with the first
calibration solution 27. The first calibration solution 27 is drawn past the sensors of the
sensor block 24 for a short time. As soon as the measured values of the sensor are étable, as
detected by the measuring program by means of a slight variation in successive measured

values, the measured values are stored. This process is subsequently repeated with the -



10

15

20

25

30

20 purpose, the cleaning solution 25 is tenporarily
gui ded past the sensor block 24. The cl eaning
solution 25 then remains for a short tinme in the
fluidics system so bacteria can be destroyed. This
passi ng and standing of the cleaning solution 25 is
repeated a plurality of tides during the cleaning
step 37. If the measuring apparatus is not used for a
seqomal ml@:eahonpmlﬁﬁx_nh 26twitleiy tht salilretioe cepsiy. yTHeanedlsﬁmﬂnent program
further line re | of the fluidics systemand n

detpgmines the peces P%‘Ekpwe‘? 0 L AonCatELRn ﬁ&ter@ma“oﬂ and pH
de%h%@h Stbrh %%MM&&S Srahé B&RbE @éleﬁxj lﬁ&l 3‘18&115':\9%% from the two
his purpose, a Ca 1on sensor and the sensor

dlfftx@nis eaishmtldm disjaidad Theesubsemmhtly i avllected nn%medn v4lueshare collected
first L bration soluti.on, 27. The first calibration
usglgltﬁﬂ:zg f%“f"}%ara?’skﬂ? o ?dne sensors of the 30 sensor
bl ock 24 for a short tlne As soon as the neasured
val ues of the sensor are stable, as detected by the
swgpbrmqhaﬁa@ylmpﬁd %is mbsequgnily stiredain aatifring step 39. For
th;§:f:

[ e € JIEas red v Iues
GRERS. R SRR ao VNS subplf vERGT Mo Sl il iption abou
the ¥erticSleLas df ﬂfH $&i}ﬂ& vegsseb 8] Thé ﬁﬂ:aé’tﬁuigl ﬁdﬁdfl isewered further into the
calibration stetp 38. The neasurenent program

ligid sopple, and tsasastisser puring thestiganesien 3-s f or
Ca-concentration determ nation and pH determ nation
fromthe nmeasured val ues of the sensor determned in

In bhsubseqaynt dohoenttdtientdsterminihf atepi(, a glortivradf the lguiilsaiisple from the

sorpEey GERA G ouiny s LRy DA TR Togs dhe sample vessel 8 into
thEQRL B16&k 24 NPhd és?aHJaQ;d $2BlSydifimt RetheR 58 \Sggl?eeéetnﬁ?ﬂslﬁock 24 for

subsequently stirfed in a stirring ste
a short pives Aﬂdlréh@‘afﬁmng fpt an adj9stwienhperivel ofdhpCe seews ef the sensor block

beinto uniformrotatian ab t he rtlcal axi .
24, et -Lhegplt (agwcaéuf#ﬁeﬂh@ls?fwna% @ block 74. The pH is
meaSived Qﬂﬂf HHE (pPESensbit 6F th SensdPblobk i OTTRARRY ra%.ﬁ‘g is measured using the
therefore acts as a stirrer during the stirring step
temaperatupe $enseh Jhgiemperatre Brlbe i Wi@l svaestithe Fg- cgn@fpntmuon value by
[ sanple fromthe sanple vesse
me%n?f?f%nggxlﬁ#ag?rehﬂ; L}\} %%ppl y line 41 (CF.Fig.4) from
the sanple vessel 8 into the sensor block 24. The
S |ra%§d sanpl e _volume is then Sassed by the sensor
step; 42 fam Hiersensargblogls £4 powjakegplace, Jhe gieaging step 32
S RLLRY s e Ca sensor of the sensor block
de{thﬂgﬁcﬂg?E_ conge%rz;ﬁtql on is neasured with the Ca
sensor of the sensor block 24. The pHis neasured
f I 4, .Th .
WI ! héqﬁﬁﬁea&l"%g rfslgagﬁsgé% g%y}e ﬁqﬁ%ﬁxﬁ:ﬁ% Qes%gf(S %s 1mt};111% rotated uniformly by

means of the motor 10 of the sample plate 9 in a preparatory manner, so that a thoroughly

mixed liquid sample is obtained. The light source 2 is then switched on and the intensity of
the light arriving at the light sensor 3 from the light source 2 is measured. At specific time
intervals, for example at respective intervals of one minute or also at intervals of a few
seconds, a specific amount of ammonium oxalate is injected or titrated from the resource

container 17 via the metering system 15. The measurement program calculates the total

injected amount of ammonium oxalate from the previously known concentration of the

ammonium oxalate solution. Titration is continued during the crystallisation measuring step
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tenperature sensor. The tenperature value is used to
correct the Ca-concentration value by neans of the
nmeasurenent program 20 A further cleaning step 42 for
the sensor bl ock 24 now takes place. The cleaning step
32 corresponds to the cleaning step 37. In a
crystallisation neasuring stlép 43, the sanple vessel 8
isinitially rotated uniformy by 25 neans of the

43rahidl calfmaf oxalate sasplisaib@becds.i TheacrpstaifisatiindFoint can be detected by
manner, so _that a thoroughly . mxed liquid sanple is

clgpding of goe lawd, © angl piE @sspeiated; Jower Light akeity at Hiedlight sensor 3.

Thd $ndtdte Stk Mo for]t BEarhp1gNht ¥hidhY iHWOmBhsuk OF 1ibhOfHtensity at the light
sensor 3 fromthe 11 ght source I's neasured” At

segp@cl fs 2B% iofithe liglitanteasisy, atf the begianimgenfaitration pan b \determined as the
i nterval s of e.mnute or. also at intervals of,a few

cryglalleiion” goieh JIRFRg M SORtUSRAGATBSASUIG SEPAIE the amount of added

arhioBfthn® Bx AAhtelredlifddefdr hERBYVhP]hd Wl&ﬁﬁ&%&ﬂ%ﬁl D€ Mmehdured in this
via the netering system 15. "The reasurenment program

wayimaill an eccurdny afpfarl examplect/e 0. 2ambuahta tifatimmrete ofid0 mmol/l via the

xgl at.e fr t.he evi ously kn concentration of the
re i e B R o Bl R M SERE Scont | e
during the crystallisation neasuring step -17- 43
until calciumoxal ate crystallisation occurs. The

The PRI dndexsist subsequsntly calgnlatrd iner selculatipy step hidFargthiss purpose, the
| ieQui : i.af ed | Lighta v
w8t R BRI AY a e  smpte o

tht iainioaiht 0f ambeniw Xplats addedWp tohtHehaystaitisationdpdintg Tthe BRI index is
intepnsity at the light, sensor 3 is 98% of the light
ohtaiperh ) the mannep meglighgshitiibe besinmpg &f ithmdesgriptien as the quotient of the
CAPeIcBh imedC a%ﬂﬂlt
crystal Flﬁgg?ﬁig%et’ﬁé%gufrr%’ﬁ% Jé‘%dé’%@ﬁ , tﬁég&g&&%ﬁ%&%g@d%&g ed by the
armaonmd miuoxabatel &t enedécplii abetsf die aniouay iofigxklate is understood to be the

T T3R5 TG e,
titration rate of 40 mmol/| via the reduction in the

light intensity neasured at the light sensor 3. 10 The
Ingrisubsegasnt | storagh sten b tthy folldwink atabuesi in partieulanlasnt them stored: the

_.For thi,S purpes t amount, .of oxal ate is 2 -

P g ki, B4 ARE o, dFe, AR - Bpfhitad o pigsored ca

contéfittatiofathiel Meastded bHES tReTBRIt inGéx FARMMSATFoRA IR Measured data, the
added up_to the crystallisation point. The BRI index

refnectivg inshividenl; valucs anensiiied byrtba sersestiohihetsresos dirdknishgnd any error

s?é_ﬁ%gteﬁﬂeir%%%%dgét tléclr?ﬁ?a%g glta.llilﬁ %dgflﬂ &Jgﬁicular, is used as the storage

-concent
medinme For ataimenatiet o monitoging tpapposes, dhy setpelyiedi® can be transferred

to a maintenance or monitoring computer via a read-out interface.

The desired data of the measured, calculated or stored values are printed out in a final
printing step 46. For this purpose, the stored information can be transferred to a computer,
for example via an USB-interface. The data can be further processed there.

' A measuring head which is an alternative to the measuring head 1 shown in Fig. 1 is shown

in Fig 6 to 11. Components of this measuring head corresponding to those which have

already been described herein before with reference to Fig. 1 to 5 or with reference to the
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15 anmount of oxalate. In nedical circles, the anount

of oxalate is understood to be the concentration of

oxal ate (Ox2) based on a sanple volune of 200 M. In a
subsequent storage step 45, the follow ng values in
particular, are then stored: the patient's identity

code, the date, the time, th&-neasured tenperature,

t he neasured Ca2- 20 concentration, the neasured pH,

desdriptiBRlof| ithwm)etlmélawd;rdirtgiofmgmz h@:ﬂikasaﬂ‘eﬁedncd atmerdlhand will not be

re ctive i d|v d val pes_ nmeasured_hy _t he sensors
deggrived againja ht eppshholding partign 47 38 §ig fe &0 p fateral wall 48, the

alt@ﬁ]\éﬁv@%ﬁﬁi}'ﬁ% heﬁﬁ qq{m%cﬁorfzbﬂt%ny Rl dinghddih 'g%ﬂv@r@ WRich is open

used as the Storage medium For nal ntenanc
to Mmleﬁonlﬁng & Uhedebting ghwvetddria gecomgenem miémhdddmg device for holding

o O BT 0008 e AR o
holﬂiﬁ‘§ HbQHot SRMSLINAME Arving) heth ¥ RbHplerRérarkth ﬁﬁ@ﬂohlﬁiﬂg groove 49.

in final rinting step 46. For this purpose,
A élphhmjmnnﬁ(b isrereangedin thechnddiogrsraoverd® and mpstends horizontally in

e Nt e .The dat can
Flé A (f(éal}gsygrgglg %S‘“{ %)%Frésmrgaf ik ﬁ%%dlﬂg Ig}:]ogovH ga:s er, component of
th@ﬁol&iﬂg&ldi)ﬁiel Methe @oélee offBSHEAsHEing @pparhtus) fmwholdﬂng:pﬂl 50 cooperates
is shown in FI% 6 to 11. Conponents of this neasuring

wifhea Bolding pspisg o Hhy measuRBs epp#iRias cprespondingdberotopeen
descri bed herein before with reference to Fig. | to 5
or with reference to the 18- description of the nethod
A dlmiddddengl twhidh gomirinbeasss ﬂ\hllm:aﬂjefvaﬂeﬂmesuppmp liak s41anﬂ the fluidics

wi | | t cri bed again i.n det Inthe per )
syfigmgimfe p%?F‘EIP&‘fa @iferwtlﬂpdne@mpaq& ook i spoigvred 3 the altemative
méaBrin@hbKY ‘Tat[hb'eﬂﬂm%f 'S'i‘ge)@&ﬁ‘ﬂ 111 Q%stadmrﬂ&l%ﬁ @bl ﬂ'om an upper

ext endi ng hol di ng groove 49 wh open 'to the |ef
linkitingwgll, ﬁfhlc'hhe hhnmhtmlgmgﬁlgoﬁg eofctﬁe r&es;s T upwande mto dhe holdmg potion

h di devj for 5 the alternative nea
noy et SF pedh 07 EhEdies Aetk: g B0y arfovs AREF 1S deflection
and OBkRt witRfs aconft@llfli M0 ar sdeohid Oduch h}%ﬁ'ﬂoh ns3. thad raa\ﬁhm}luent stepped
which is conplenentary to the holding groove 49.

enlaggeanent Spithe seronf duet fostion ppangdibrn A latrial welldiSnen gmlsﬁ@f Fig. 6 of
th Ry g)ﬁgﬁggﬂﬁnéh%%dzlont ally in Fig. 6 and

transvers € ‘éxtension of the hol ding groove 49
is a further component of the holding device. In the
ocket of the neasurlng apparatus, the holdin [

Befors the altermativegnegsprng head Hisinsertreh thegileid dusks ﬁgﬁé&% a sealing
SIRBE(R! B0t PRSROROERIAERAN i dhe YiibeHifthe 3. MR measuring
positien bF thedaltesnative measuring head 1, in which the measuring head 1 is received in
the socket of the measuring apparatus, the sealing stopper is penetrated by a line portion of
the supply line 41 of the fluid system on the measuring head receiving side. This line
portion is formed by a conventional commercial injection needle. Oncé the sealing stopper
with the line portion has been pierced, the sealing stopper seals the line portion against the
internal wall of the enlargement 54, producing a fluid connection between the fluid duct 51
and the supply line 41 that is sealed from the exteﬁor.

In a deflection portion 56 in the lower region, in Fig. 6, the two ray deflectors 6.1, 6.2 are

directly adjacent to one another so that the deflection region 56 has the form of an inverted



10

15

20

25

30

systemin the assenbl ed alternative nmeasuring head |
is constructed in the alternative -neasuring head 1.
The fluid duct 51 extends in a first duct portion 52
froman upper 15 limting wall, which is horizontal in
Fig. 6, of the recess 5 upwards into the hol ding
potion 47. The fluid duct-¥l-has a 90 defl ection
here, and initially narrows after this deflection and

roefedgewiddBow Wadd Z3lis Jormeddntegradiycondedee poe dellectes.6.14 @2 so as to

a_subsequeni. st eppe enl arge t, 54., the second duct .
prflodt P8 FeaReRleS (R e ot IR eeBcs7 i of iR obifonents which
cobpegate GritH thel hguid|sh@pRadiirity ARARK OF e Hg@d shmphkdfdBehétofgh mixing

the alternative nmeasuring head 1 is inserted, the
PUIROS#S duct 51 is closed by a sealing stopper (not

shown) which is inserted tightly into the enl argenent

54. In the nmeasuring position of the alternative
Dutingsiiiseniign hef thel altdriativel fileadiivgniadull | ing Heashdasiring position, the

eceived jn_the socket of the neasuring apparatus, .
holding pia}( latrhes gpp the associatgd Opening i ihesorkel ©f thg meawrige apparatus
t I ' ' t .
1. Hhe REBIAP clnkip26d il sfth 4 ¥’ ety Gs YO BRIBIRE A s removed after
mecasureadnt) yheohaldinggrin 50 bedaks awnyp fionmtheinjding ponioneddita. set breaking

POREAS Hiechaliine R 0 1B R itk GHlstipc b alieRRlve Mifestiting head cannot

be PGSO MR H3al BrolelGwalynt ernal wal | of the enlargenment
54, producing a fluid connection between the fluid

duct 51 and the supply line 41 that is sealed from

he.exterior. 30 | flectiaqn portion 56.in.the .
I Bl Ghastipafegd 1 e Uisnage ibfiginf theiapid evel of the
lighid2sanfisle, S G@etbyd Aefeit BBford h OGuAGRINNRithSBe tla¥ ch&te in Fig. 12.
defl ection region 56 has the formof an inverted -19-

Togeber with éhe posiionindhsistemn 73, the ppeition mepmirngrsabten bhtke light source
: 6 t '
2, SHE AP HBEL AT Pt Bt 3,82, BHOLBR 80 s 5 fomns o

detenninimpddviceor determininpetha tiquidi level blfi éhd liquid sarsplapl e
during stirring of the liquid sanple for thorough

m xing purposes. 5 During insertion of the
THB A8 AR, PO Aol LR BHEMT i 1 ad, n e
othgs dond.aieliggetd id, are ¢dth oaskadtedin sheh aeway thanghey convey light
receRiR rha(}nlil She light source 2 directly to the light sensor 3. In a further variation of the
measuring head (not shown), the measuring head is so configured that it conveys the light
received from the light source 2 along a light path, adjacent to which the light sensor 3 is
arranged, the sensor not being arranged directly in the light path. In this case, the light
sensor 3 does not measure changes of transmission produced by the incipient crystallisation
of the liquid sample, but changes in the resultant scattered light intensity. The light sensor 3
can, for example, be arranged in such a way that it does not initially measure a light
intensity from the light source 2 in the case of a non-scattering liquid sample. Only due to
the scattering produced as a result of the incipient crystallisation does scattered light pass to

the light sensor 3 which can then be correspondingly sensitive in design so that it can then

already detect small amounts of scattered light.
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1. The opening is configured in such a way that, as
the nmeasuring head is renoved after neasurenent, the
hol di ng pin 50 breaks away fromthe hol ding portion 57
at a set breaking 10 point. As the holding pin 50 has
a hol ding function, the altfinative measuri ng head
cannot be re-used after as broken away. In the

alternative neasuring head 1, the recess 5 is used to
In gligthey yariabne qf; theimeaswieg bedd ¢neb showmyiadfleid hyck of the metering or

flow
B8 LRl DK SRR biin e ROMLTE ] R b el
system 12, the position neasuring system 13, the |ight
squrce 2, the Light sensor 3 and the steel deflectors

In g fyrthes vatiation pE s BeasiHBE dsad et SESCURPRIST 15 used te detepmpy the Ca™-
cof Aol G0 LSRRI 18 e M Lot Mok 2. For
thippputpuse,othe pration of thé&iliguidl sample, of) whivh thEOCift'h:encdmmation is to be

in Fl .6 to 1 ach ¢ ruct ed |n ch a
deiefyinetinds, PEGRF W Gh L oo RUBHOT T AYHIRET, grncbignseabout the
predertie’ §ICtA- Yoﬁs%tah&)ﬂdsﬂ&}{ n§§@§tﬁfen§atldrpb€in% Hfat\h? form the absorption of

variation-of the nmeasuring head (not s

thenhiquid, pf spgcifieadavelengsconf i gur ed that it conveys the
light received fromthe |light source 2 along a |ight
pat h, adjacent to which the Iight sensor 3 is
arranged, the sensor not being arranged directly in
the light path. In this case, the light 25 sensor 3
does not neasure changes of transm ssion produced by
the incipient crystallisation of the liquid sanple,
but changes in the resultant scattered |ight
intensity. The light sensor 3 can, for exanple, be
arranged in such a way that it does not initially
neasure a light intensity fromthe light source 2 in
the case of a non-scattering liquid sanple. Only due
to the scattering produced as a result of the
i nci pient crystallisation does scattered |light pass to
30 the light sensor 3 which can then be
correspondingly sensitive in design so that it can
then already detect small anmpunts of scattered |ight.
-20- In a further variation of the neasuring head (not
shown), a fluid duct of the netering or titration
system 15 is constructed with the nozzle 16 in the
measuring head. In a further variation of the
nmeasuri ng head, a spectroneter is used to determ ne
the Cat+- 5 concentration in the
concentration-determ ning step 40, rather than the
sensor block 24. For this purpose, the portion of the
[iquid sanple, of which the Cat+-concentration is to
be
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determned, is perneated with [ight of different
wavel engt hs, concl usi ons about the presence of
Ca-ions in a correspondi ng concentration being drawn
formthe absorption of the liquid at specific

wavel engths. 10 21- List of %eference Nunerals 1
Measuring head 5 2 Light source 3 Light sensor 4
Li ght path 5 Recess 6.1, 6.2 Ray deflector 10 7

" Sanpl e-receiving region 8 Sanple vessel 9 Sanpl e

plate 10 Mtor 11 MygsfdeRRadNGRE1er 15 12

Posi ti oning system 13 Position neasuring system 14
Li qui d detection system 15 Metering system 16 Nozzle

%9e22u5§$g§ﬁce C%Tt %Pg:neé?afglEggtaﬁgeFUHQS gg Alr
2 punp Light source
3 Light sensor
4 Light path
5 Recess
6.1,6.2 Ray deflector
7 Sample-receiving region
8 Sample vessel
9 Sample plate
10 Motor
11 Measuring head carrier
12 Positioning system
13 Position measuring system
14 Liquid detection system
15 Metering system
16 Nozzle
17 Resource container
18 Filter
19 Pump
20 Pressure sensor
21 Intermediate container
22 Air pump |
23 Valves
24 Sensor block
25 Cleaning solution
26 First calibration solution
27 Second calibration solution
28 Air supply
29 Housing
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15

20

25

23 Val ves 24 Sensor bl ock 25 Cl eaning solution 26
First calibration solution 30 27 Second calibration
solution 28 Air supply 29 Housing -22- 30 Door

el ement 31 Qpen region in neasuring head 32
Preparatory step 33 Input step 5 34 Assenbly step 35
Readi ness step 36 Level neasuring step 37 Cd eaning
step 38 Calibration step 10 39 Stirring step 40

3@oncent r aDiognelgment m n| ng step 41 Supply line 42

eani ng al l.isation nmeasuring step 15 44
]gal cul atlgfﬁegfeegﬂmh %F%Pgﬂ % (gp 46 Printing step 47

3Hol di ng pPrépaifory4feplat

eral maIL 20 49 Hol di ng groove

33 Input step

34 Assembly step

35 Readiness step

36 Level measuring step
37 Cleaning step

38 Calibration step

39 Stirring step

40 Concentration-determining step
41 Supply line

42 Cleaning step

43 Crystallisation measuring step
44 Calculation step

45 Storage step

46 Printing step

47 Holding portion

48 Lateral wall

49 Holding groove

50 Holding pin

51 Fluid duct

52 First duct portion

53 Second duct portion
54 Enlargement

55 Lateral wall

56 Deflecting portion

57 Flow blades



50 Holding pin 51 Fluid duct 52 First duct portion 53
Second duct portion 25 54 Enlargenent 55 Lateral wall
56 Deflecting portion 57 Flow blades -23- Cains 1.
Device for analysing a liquid sanple by neans of
titration, conmprising 1.1 a light source (2); 51.2 a
l'ight sensor (3); 1.3 a neasuging head (1) which can
be immersed in the liquid sanple to be analysed and
conprises an optical wavegui de, which receives and

gui qFaiksoht fromthe Iight source (2), the neasuring
head (1) having a recess (5) which conprises a break
in the optical waveguide and in 10 which the liquid to

be anal ysed penetrates en,the asurin (1) S
ek o deviae ol v a VA FERIC oy Msanng! BBdubE) pobbrisig
fro he,. L oukce (2) and the |ight sensor (3);

and i?%qt%?&&% @ﬁ’ system for the defined addition of

3 tilt'gaatji%ngeh%y@,)j nto the 15 liquid sanple, 1.6 a
determ ning device for determning the [evel of || quici

of the d igasutingheqd @ )byhichasn bergmerspd Ay thg Hquid sample to be
transm ssion of the light of the urce.

char actanalysed #§d xpnpisegy Wé’lﬂ%’@i Ic‘gg'%eﬁi; %0l Zi)riﬁ(éeives and
the rreagsuuxcriciasnﬂgﬁte rgm( &'Pe }ri&t%oiu}‘cee fﬁ, the measuring head (1) having a
recess (5) which comprises a break in the optical waveguide and in
10 which the liquid to be analysed penetrates when the measuring head (1)
is immersed;
1.4 the measuring head (1) being separable from the light source (2) and
the light sensor (3); and
1.5 a titration system for the defined addition of a titration liquid into the
15 liquid sample,
1.6 a determining device for determining the level of liquid of the liquid
sample by measuring a change in transmission of the light of the light
source (2);
characterised by
| 20 - a drive device (12) for moving the measuring head (1) relative to a
sample container (8), at least one portion of the determining device
2,3,5,6.1,6.2, 12, 13) being provided on the measuring head for
determining the level of liquid of the liquid sample,
- the recess (5) being a portion of the determining device (2, 3, 3,

25 6.1,62,12,13).

2. Device for analysing a liquid sample according to claim 1, character-

ised in that the device comprises a measuring system for measuring

the pH of the liquid sample.



sanpl e container (8), at |east one portion of the
determning device (2, 3, 5, 6.1, 6.2, 12, 13) being
provi ded on the neasuring head for determning the

| evel of liquid of the liquid sanple, - the recess (5)
being a portion of the determ ning device (2, 3, 5,

25 6.1, 6.2, 12, 13). 2. Devicggfor analysing a liquid
sanpl e according to claim1l1, character- ised in that
the device conprises a nmeasuring systemfor neasuring
the pH of the liquid sanple. -24- 3. Device for

anal ysing a liquid sanple according to claim1 or
chaB. aQevidesfut analysimg atliguidesampde @éﬁ?i‘ﬂil%éo glaim 1 °f 2, char-

tenperature msasurln s- tem for uring the )
t enper a€tgrisess in Haat fhe. dlevice, comprises 3 ICARATAWIG Speasuring sys

ol ai e O BpreBing BERRTARRCLEh R Rl saB, one o

gonprises a fluidics systemfor the defined renoval
of an anmount of the liquid to be analysed. 10 5
Devi4c e Devicefur amalysinga liqgid sarsplepicsonding teiah g;astoone of claims

I 4, ch ter- d that the flui.d
conpr| dee b charpeierise R LRt e qﬁmw‘i@omﬁ'ps%séig?x@ﬁ%system for
cal i br n.| d
sarrlpl e%%g I g"l‘%"%% Vadﬁ‘g‘fﬁt\f)& ftﬁﬁ %?%drl?sed
in that the fI ui di cs system conprises cI eani ng neans.

7. Device for analysing a liquid sanple according to

10l aign fibeﬁbéllf@xﬁ&ﬁlysxhgedhqmdtdmtple fagcolshimg to cbnmr‘i,s‘ésaracter-
a sanpl e renoval gl on (7) in which r%) h
cont ai rieed (m)haatheb uHh‘FEaﬁ]gﬁé%FnsQ%P‘a?ﬁSl%Pa} 135RB gleyice having

the meas- 20 urin . 8. Device for analysing a
l'i quid %é?ﬁﬂtSHQEEﬁP@l%ﬁB {06?‘@1 aim7, character- ised in
that the sanple renoval region (7) is nade of
stainless steel and/or has a titani um oxide coati ng.

6. Device for analysing a liquid sample according to claim 4 or 5, char-

15 acterised in that the fluidics system comprises cleaning means.

7. Device for analysing a liquid sample according to claim 6, character-
ised in that the device comprises a sample removal region (7) in which

a sample container (8) can be arranged substantially beneath the meas-

20 uring head (1).

8. Device for analysing a liquid sample according to claim 7, character-
ised in that the sample removal region (7) is made of stainless steel
and/or has a titanium oxide coating.

25

9. Device for analysing a liquid sample according to claim 7 or 9, char-

acterised in that the sample removal region (7) comprises an appara-

tus which disinfects said sample removal region by means of UV light.



25 9. Device for analysing a liquid sanple according
toclaim7 or 9, char- acterised in that the sanple

renmoval region (7) conprises an appara- tus which

di sinfects said sanple renoval region by neans of W
light. 25- 10. Device for analysing a liquid sanple
according to at | east one of -28bains 7 to 9,

characterised in that a rotatable sanple disc (9) with

an indi- rect drive is provided for the sanple

contlgi MeivideBfor analykingeliqoi Samplarsetysling tcaat legsti ahe of claims
sanpl e according to at | east one of claing

char acetoi  etharacteriged; imethatss mtﬂﬁbl%%p]FﬂlS? i@lawnh an indi-

single-use, ,article. vi ce.for ng a liquid
sanpl e Tet BIVE lﬁé’r?ﬂdeai?ﬁ'ﬁ% %P?xﬁt{aag?er)@}) ised in

that an apparatus is provi ded whi ch marks a neasuri ng
head (1) which has been used once and/or recognises a

Br evijoundwcd/ ftchnalipsasg b il 1d1§ﬁﬂpKe]@ccoﬂcﬁng beat lsast one of claims
according to any one of clains to 12, characterise

d
i n thatl tol50} tearaesenisadhin hhaﬁtl(qmenam@g headi( hyis a single-use
apparatus (49, 50) for holding the device in a
hol di n@W@@ept acl e, the holding apparatus having
hol ding neans (50), in particular an interlocking
conponent with a predeter- m ned breaking point,

00”2129%&51 c& t&hart jré'gta gic;in@@hmlamasddeamgtw olsien 1 hecharacter-

hol di'ng appar at us once. 20 14. Device

18ccor dijged i@ thay aargppafatos as psomde(b mchmaﬂ@@ apqasuging head
in that the neasuring head (1) configured such v used
that it(1yuvhieh hase Ueﬂgmsefleon@eﬂv @ri1es %S 3 Bifviously

source (2 to t he 9ht sensor (3) 25 15. Device
accordllﬁﬁ "tgn(lé of claims | to 13, characterised

in that the neasuring head (1) is configured such

that it guides the light re- ceived fromthe |ight

sour £ pheRg atcbidihi toak, otecofwlairhs thte b3 rehmracterised in that

15 the measuring head (1) has a holding apparatus (49, 50) for holding the
device in a holding receptacle, the holding apparatus having holding
means (50), in particular an interlocking component with a predeter-
mined breaking point, configured such that it is only possible to use the
holding apparatus (49, 50) once.

20
14; Device according to any one of claims 1 to 13, characterised in that

the measuring head (1) is configured such that it guides the light re-
ceived from the light source (2) to the light sensor (3).

25 15. Device according to any one of claims 1 to 13, characterised in that
the measuring head (1) is configured such that it guides the light re-
ceived from the light source along a light path, to which the sensor is

arranged adjacently but not arranged directly therein.



arranged adj acently but not arranged directly therein.

-26- 16. Device according to claim4, characterised in

that a liquid duct (51) of the fluidics systemis
configured in the neasuring head (1). 17. Device

according to claim 16, characterised in that the

l[iquid duct 5 (51) is closedzﬁy a watertight plug

and, in the neasuring position of the neasuring head

(1), is penetrated by a conduit portjon (41) of the

f I ul16i Mevice petaading for eleimeh siaragterised inqthata Haed duct (51)
18. Device according tq any.one.,of clains 1 tp 17

char act€the Byidigs §¥§gqmds configursdiig tlaﬁjg}eagqnteg]gead (0.
titration systemis configured in the measuring head

(1). 19. Device according to any one of clains 1 to

18, 1ghFAGEE L SRIRY t& chlibl 16! chgravtprised Ua that the liquid duct
57) for stirring the liquid sanple, the neasuring 15

Bead (¥1hawlosedidy hewatertight plugand; anshnaieasuning position of the
particular at |east one flow bl ade (57

for.
cooper aneasyringtheadHd)) isqngtratadpy a %dz]m(f%anf(é} ) of the flu-
l'ysi:ng_a |iquj e . tration,
char acridfts Syplefharthe BstriRy pERARARARE shdet (50 0N one

of clainms 1 to 19 is used. 20 21. Method according to
claim20 including the follow ng steps: - providi ng’
(35)18. IBevitautcordiiptocany oneef laimg 1(186)7, charaeterised in that a
quuidof_theli%uid_sanplebyintrodc-ingéﬁ? 2o head
10easur iligpid elgt of the hn@tlpnéysﬁequimcgﬁwédfl Rspurng hea
25 - determning (40) the concentration of at | east
one typeé/of ion of the liquid sanple; - carrying out
(43) a crystallisation neasurenent by adding a crys-
tallising agent to the |liquid sanple and nmeasuring the )
cryst@l pepice adfordify iy phebechibhy 1oy Heabaractgriskd by a stir-
transparency of the |iquid . . )
ring apparatus (9, 10, 57) for stirring the liquid sample, the measuring

15 head (2) having at least one flow component, in particular at least one

flow blade (57), for cooperating with the liquid sample.

20. Method for analysing a liquid sample by means of titration, character-

ised in that a device according to any one of claims 1 to 19 is used.

20

21. Method according to claim 20 including the following steps:
- providing (35) the liquid sample;
- measuring (36) the level of liquid of the liquid sample by introduc-
ing a measuring head (1) into the liquid sample from above;
- determining (40) the concentration of at least one type of ion of the
liquid sample;
- carrying out (43) a crystallisation measurement by adding a crys-

tallising agent to the liquid sample and measuring the crystal for-




sanple after addition of the crystallising agent. 22.
Met hod according to claim20 or 21, characterised by
using (34) a 5 new single-use neasuring head (1)
before addition of the crystallising agent. 23.

Met hod according to any one of clains 20 to 22,
characterised by cleaning (3737-and/or calibrating
(38) a concentration determ ning sen- 10 sor (24)

bef ore determ ning the concentration (40). 24. Method
accor di ngni&lio@ﬂ%pr@ﬂﬁ'abl@ by ameasizthg the Iranspareacy esf s liquid
by stir- ring ( 9) the liquid sanple before

det er m ni sgmpheafteradsitiomof the qstallising agent. Vet hod
according to any one of clainms 20 to 24, characterised
by cal culating (44) a sanple paraneter fromthe

e e B3 2Ry im0

tra according ' to any one

5l ai ms @R, §iﬁ§i’e5usé3ﬁé’h§\ﬁﬁ1% hegdl (Dybefore 2aditonnohibegerybmllising

pH of the liquid sanple. 27. Method according to any

one of agkmi.ns 20 to 26, characterised by de- termining
the tenperature of the liquid sanple.

23. Method according to any one of claims 20 to 22, characterised by
cleaning (37) and/or calibrating (38) a concentration determining sen-

10 sor (24) before determining the concentration (40).

24. Method according to any one of claims 20 to 23, characterised by stir-

ring (39) the liquid sample before determining the concentration (40).

15 25. Method according to any one of claims 20 to 24, characterised by cal-

culating (44) a sample parameter from the measured values with the

concentration and the transparency.

26. Method according to any one of claims 20 to 25, characterised by de-
20 termining the pH of the liquid sample.

27. Method according to any one of claims 20 to 26, characterised by de-

termining the temperature of the liquid sample.



