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Definition of Definition of 
(typically used

•• Small plastic strip with Small plastic strip with 
that has been impregnathat has been impregnathat has been impregnathat has been impregna
amount of reagent(s) foamount of reagent(s) fo
substance in a fluid  substance in a fluid  substance in a fluid. substance in a fluid. 

•• May also be made fromMay also be made from
 ( ith  d  tt ( ith  d  ttpaper (with no pads attpaper (with no pads att

Test Strip 

Tip!Tip!

Test Strip 
d in dialysis)

a pad or pads attached a pad or pads attached 
ated with an appropriate ated with an appropriate ated with an appropriate ated with an appropriate 
or measuring a specific or measuring a specific 

 a reagent impregnated  a reagent impregnated 
t h d)t h d)tached).tached).



Typical Test StripTypical Test Strip
(penny added for s

Block style reagent pad

p Construction

Tip!Tip!

p Construction
size reference)

Fl th h ( t ) Flow-through (aperture) 
style reagent pad



Typical Test StriTypical Test Stri

Pl ti  t i• Plastic containers
- Screw cap or flip-top 
- Individual bottles or kIndividual bottles or k
- Flat packs with pull o

• Metal tubes• Metal tubes
- Push off/on cap (can b

I di id l f il • Individual foil wrap
- Foil wrapped strips shi

p Packaging

Tip!Tip!

p Packaging

pp

 cap bottles (50 or 100 strips)
kits of multiple bottleskits of multiple bottles
ff-push on rectangular cap 

e used with CapKeeper®)

dpped
p in poly bags



Typical Test StrTypical Test Str

Flip-top bottle

Screw-
cap 

b ttlbottle

Individual foi

rip Packaging

Tip!Tip!

rip Packaging

Flat pack pp

Metal tube:
Push off/on

cap

l wrapped



History of THistory of T

•• More than 50 years of usMore than 50 years of us
–– Including more than 25 yeIncluding more than 25 ye

•• Miles Labs (Bayer) introdMiles Labs (Bayer) introd
–– First dip and read test (mFirst dip and read test (m
–– Followed by test strips forFollowed by test strips for

•• Widespread use today in Widespread use today in 
medical applications  medical applications  

est Strips

Tip!Tip!

est Strips

se in medical industryse in medical industry
ears use in dialysisears use in dialysis

duced duced ClinistixClinistix® in late 1950’s® in late 1950’s
easured glucose in urine)easured glucose in urine)
r urine, blood, chemical analysisr urine, blood, chemical analysis

 many medical and non many medical and non--



Why Do We Use

 Ease of uEase of u

Why Do We Use

 SpeedSpeed

 AccurateAccurate

 InexpensInexpens InexpensInexpens

 No messNo mess
no glassno glass
MSDS coMSDS coMSDS coMSDS co

e Test Strips?

Tip!Tip!useuse

e Test Strips?

pp

ee

sivesivesivesive

sy clean up,sy clean up,
s, waste, ors, waste, or
oncernsoncernsoncernsoncerns



How Do Test SHow Do Test S

•• In a typical assay (test aIn a typical assay (test a
reagent pad area into a reagent pad area into a 
a specified time period  a specified time period  a specified time period, a specified time period, 
compare the color of thecompare the color of the
color chart. color chart. 

•• Some test strips work bySome test strips work by
color change at a threshcolor change at a threshcolor change at a threshcolor change at a thresh
measuring a color changmeasuring a color chang

Strips Work?

Tip!Tip!

Strips Work?

analysis), you dip the analysis), you dip the 
solution to be tested for solution to be tested for 
remove the strip  and remove the strip  and remove the strip, and remove the strip, and 
e reagent area with a e reagent area with a 

y presence/absence of a y presence/absence of a 
hold concentration, or by hold concentration, or by hold concentration, or by hold concentration, or by 
ge with a meter. ge with a meter. 



How Do Test SHow Do Test S
(continu

Compare reacted pad to color ch

Strips Work?

Tip!Tip!

Strips Work?
ued)

hart on bottle (or separate card)



How Do Test SHow Do Test S
(continu

•• 10 million (estimated) dis10 million (estimated) dis
–– Three components: lightnThree components: lightnThree components: lightnThree components: lightn
–– “Color difference unit”: qu“Color difference unit”: qu

Test strip manufacturersTest strip manufacturers•• Test strip manufacturersTest strip manufacturers
–– Strive to create greatest pStrive to create greatest p

to concentration, in termsto concentration, in terms
–– Use color measurement toUse color measurement to
–– Check test strip colors in dCheck test strip colors in d

Strips Work?

Tip!Tip!

Strips Work?
ued)

stinguishable colors stinguishable colors 
ness  hue  saturationness  hue  saturationness, hue, saturation.ness, hue, saturation.
uantitative measurement.    uantitative measurement.    

possible color difference, relative possible color difference, relative 
s of color difference units.  s of color difference units.  
ools for best color matchools for best color match
different light conditions. different light conditions. 



Types of Teyp
Typically Used

• Free/Total Chlorine •

• Chlorine Potency

• Total Hardness

•

•

• Ozone (in water)

• pH (water & dialysate)

•

est Strips 

Tip!Tip!

p
d in Dialysis

Peroxide/Peracetic Acid Residual

Peracetic Acid Potency

Blood Leak

Glucose (PD Catheter leaks)



Typical Test St
L ti  i   DLocations in a D

Water TreatmeWater TreatmeWater Treatme

Water
Softener

Carbon
T k #1

Carbon
T k #2

Water Treatme

Water
Softener
Water

Softener
Carbon
T k #1
Carbon
T k #1

Carbon
T k #2
Carbon
T k #2Softener Tank #1 Tank #2

Hardness Total Chlorine/Chlora

SoftenerSoftener Tank #1Tank #1 Tank #2Tank #2

Hardness Total Chlorine/Chlora

Dialysis Stations
Blood Leak

Dialysis Stations
Blood Leak

Dialysis Stations
Blood Leak

Dialysis StationsDialysis StationsDialysis Stations
Blood Leak

To Stations

DialyzerpH

Dialysis
Machine

pHTo Stations

DialyzerpH

Dialysis
Machine

pHTo Stations

DialyzerpH

Dialysis
Machine

pH

DialyzerpH

Dialysis
Machine DialyzerpH DialyzerpH

Dialysis
Machine

pH

Disinfectant Potency/ResidualDisinfectant Potency/ResidualDisinfectant Potency/ResidualDisinfectant Potency/ResidualDisinfectant Potency/ResidualDisinfectant Potency/Residual

trip Testing 
i l i  C t

Tip!Tip!

ialysis Center

nt Systemnt Systemnt System

RO
S t

Holding
To Stations

nt System

RO
S t

RO
S t

HoldingHolding
To Stations

System Tank

mines Disinfectant Potency/Residual

SystemSystem TankTank

mines Disinfectant Potency/Residual

Dialyzer Reprocessing AreaDialyzer Reprocessing Area

DialyzersDialyzersDialyzers

Disinfectant PotencyDisinfectant Potency



Interfere

• Substances, other than labe
that may potentially affect t
- All reagent tests (tablets, powdg ( , p

• Different test types, used to 
may have different interfere
- Manganese interferes with DPD

• Non-factor at times, e.g.:
- Post RO water tests. 
- Insufficient interfering substan

Tip!Tip!

ences

el indicated test substance,      
est result.  
der, strips, etc.) have interferences., p , )

 test for same substance,    
ences, e.g.:
D kits, not with MTK/TMK/TMB strips.

ces in AAMI quality water or saline.



Accuracy andAccuracy and

f d d• Manufactured using standa
- Tested against most accurat

e.g. Total chlorine test strip
per Standard Method o

• Lot-by-lot blind studies con
- To verify accuracy and precis

• Fewer end user procedura
tablet  and powder test kittablet, and powder test kit
- Reduces chance for procedu

d Precision

Tip!Tip!

d Precision

d f dard reference procedures
e industry standards available

p vs. amperometric titration test
of Wallace and Tiernan

nducted by manufacturers
sion (repeatability)

l steps compared to liquid, 
ts (and electronic devices)   ts (and electronic devices).  
ral error 



Are There Steps the Are There Steps the 
Take to Ensure Test 

YYe
h iImportant techniqu

described on the f

End User Should 

Tip!Tip!

End User Should 
 Strip Accuracy?

!s!
/ h dues/methods are 

following slides.



Color Blindn

 All personnel who will be
strips should first pass a strips should first pass a 
- Color blindness tests availabl
- Document test results and pl

Ans e s  Top o  (L to R)  2- Answers: Top row (L to R): 2
Bottom row (L to R

ness Test

Technique!Technique!

e in a position to use test 
 color blindness test   color blindness test. 
le on internet (or from RPC).
lace in personnel file. 
25   29   45  25,  29,  45, 
R): 56, 6, 8



Adhere to InstrucAdhere to Instruc
(IFUs

Important test s

- Test strip hap

- Test sample 

Immersion (- Immersion (
and wetted t

Dip  s ish  o- Dip, swish, o
procedure

ctions for Use

Technique!Technique!

ctions for Use
s)

strip procedures

andling g

 preparation

(exposure) time (exposure) time 
test strip wait time 

o  flo o e  or flow-over 



Adhere to InstruAdhere to Instru
(continu

- Make use of color int

Key test strip

- Know test substance
- Understand “zero” coUnderstand zero  co
- Comply with storage
- Comply with test strComply with test str
- Send vendor suspect

ctions for Use

Technique!Technique!

ctions for Use
ued)

terpolation 

p action items
p

e safe limit/range 
olor       olor       
e and shelf life
ip quality controlip quality control
ted failed strips (analysis) 



Test Strip HTest Strip H

• Keep all unused strips

• Do not remove desicc

• Dry hands before reac

• Replace cap immediat
removing a test strip.

• Do not touch the indic

• Do not allow test strip
with non-test liquids o

Handling
Technique!Technique!

Handling

s in original container.

cant dryer from container.

ching into container.

tely and tightly after  
 Use one type at a time.

cator (reagent) pad. 

ps to come into contact 
or any vapors.



Test Sample PTest Sample P

 Properly prepare tes
specific substance to

Example:
• Prior to testing water:

ll- Allow RO to process wate
- Rinse sample cup (if test 

with water to be tested.
- Chlorine/chloramines test

after preparing sample (c

Preparation
Technique!Technique!

Preparation

t sample for each 
o be tested.

f ler for at least 15 minutes
 calls for use of cup) three times 

t: Complete test immediately 
chlorine/chloramines are volatile).



Immersion (ExposImmersion (Expos
Wetted Test Stri

• Stopwatch, or
 To measure test strip

p ,
• Seconds counter o
• Second hand of a 

sure) Time and 

Technique!Technique!

sure) Time and 
ip Wait Time  

p times always use:

of a digital watch, or
nearby clock 

 Fold aperture style strips
during wetted wait timeg



Sample Cup “SwisSample Cup Swis

CORRECT
Pad perpendicular to 

direction of movementdirection of movement

sh” Procedure

Technique!Technique!

sh  Procedure

INCORRECT
Pad parallel to direction 

of movementof movement



Color Inter

Definition of interpolatio
“To estimate a value of (a

between two kn

polation

Technique!Technique!

p

on (mathematical):
a function or series) 
nown values.”



Know Safe Limit Know Safe Limit 
Substance Un

Examples:
• Chloramines in water test 

 0.1 ppm maximum per A

• Dialysate pH (pH test strip
 6.9 to 7.6 per AAMI RD52

• Peracetic acid residual (pe
 Less than 3 ppm per PAA

 or Range for 
Technique!Technique!

 or Range for 
nder Test

 (total chlorine test strips)
AAMI RD62

ps)
2

eroxide/PAA residual test strips)
A manufacturer’s IFU



“Zero” CZero  C

R t d t d • Reacted reagent pad m
color indicates substanc
sensitivity of test strip ay p
- Does not mean substanc
- Does mean substance is 

chart value.chart value.

• For many strip types, d
container, may not mat, y
lighter/darker). Consid
- After reacted in fluid, fre

color changes to match zcolor changes to match z

Color
Technique!Technique!

Color

t hi  l  h t “ ”matching color chart “zero”
ce under test is below 
and cannot be detected.  
ce level is actually zero.
 at level less than lowest color 

dry reagent pads direct from  
tch chart zero color (little (
dered normal.
e of the test substance, pad 

zero on color chart    zero on color chart.   



StoraStora

• Low humidity environm

St d d  t• Standard room tempera
Range 59°-86° F

• Cap sealed tightly  • Cap sealed tightly. 

• Desiccant dryer should 

• No MSDS required.

age 
Technique!Technique!

age 

ment (< 50% RH) is optimal. 

t  70 75° F i  ti lature 70-75° F is optimal.

 always be in container.



Shelf LShelf L

• Typically 2 to 3 years af

• Some strip types have r
opening container. 
- Indicated in InstructionsIndicated in Instructions

• Expiration date (and lot 

Do not se be ond e pi• Do not use beyond expi

Life
Technique!Technique!

Life

fter date of manufacture.

reduced shelf life upon 

s for Use (if applicable)s for Use (if applicable).

 no.) printed on container. 

ation date     ration date.    



Test Strip Quality CTest Strip Quality C

• QC Check/Test Supplies• QC Check/Test Supplies
- IFUs frequently call for test s

- Documentation of test strip Q

• QC Control Verification Prog

Documentation of test strip Q

- Manufacturer performs QC ve

- Download test results for anyy

- Downloaded results are acce

- Secondary verification helps y p

Control Methods
Technique!Technique!

Control Methods

strip verification via QC supplies

QC check is required by CMS

gram, e.g. Certi-Chek®

QC check is required by CMS

erification for you on each lot

y lot # from their websitey

pted by CMS as QC control proof

protect against test strip recallsp g p



Do Not Expect Tap p p
Tests To Be Consist

• Levels of combined chlorine
in same building, can vary 

• EPA range is 0.2 ppm (mini

 Water Chlorine 

Taboo!Taboo!

tent or Uniform

e, from tap water faucets,  
(affected by piping type, etc.).
mum) to 4.0 ppm (maximum).



Do Not Use QualitDo Not Use Qualit
Tests Requiring Low

 Qualitative & quantita
may both be listed inmay both be listed in
- At lowest measureme

of qualitative test maof qualitative test ma
of sample flow (flow 

- Precision is defined a
to repeat the test wi

tative Test for  

Taboo!Taboo!

tative Test for  
w End Precision

ative (semi) procedures 
n test strip IFUs  n test strip IFUs. 
ent value, precision
ay be affected by speed ay be affected by speed 
 rate).
as repeatability, or ability p y y
th consistent results. 



DefinitiDefiniti

• Qualitative analysis dete

Q i i l i  d

of a substance without re
of each ingredient. [1913

• Quantitative analysis det
quantity of each ingredie
[1913 Webster]        

• Analysis is the separation
by chemical processes, i
view to ascertain either view to ascertain either 
or (b) how much of each
former is called qualitativ

l i  [1913 W b tanalysis. [1913 Webster

ions

Taboo!Taboo!

ions

rmines the constituents         

i  h    

egard to the quantity 
3 Webster]

termines the amount or 
ent of a substance. 

n of a compound substance, 
nto its constituents, with a   
(a) what elements it contains  (a) what elements it contains, 

h element is present. The 
ve, and the latter quantitative
] r] 



Do Not Use Qualit

Example:

Tests Requiring Low

Example:
- Total Chlorine Sensitive Tes

qualitative and quantitative

- Use qualitative procedure f
distribution loop, jugs, dia

- Use quantitative (semi) forUse quantitative (semi) for
precision at lowest value, 

Qualitative

tative Test for  

Taboo!Taboo!

w End Precision

st Strips: Some IFUs list both 
e (semi) procedures. 

for rinse residuals, e.g. water
lysis machines (0.5 ppm).

r sensitive tests requiring r sensitive tests requiring 
e.g. chloramines (0.1 ppm). 

Quantitative



Do Not Compare Te
To Less Accurate 

 Always compare test strip r
test or QC standard solution

Example:
- Chlorine test strip results sh

test methods.     
- Chlorine test strip results sh

standard reference test (e.g

VS.

est Strip Results 

Taboo!Taboo!

Test Methods

results to a standard reference 
ns for the substance under test.

hould not be compared with DPD

hould be compared against a chlorine 
g. Amperometric Titration) 

=



Do Not Use Test St
Di l ti  Di tDiscoloration Direct

• Reagent (test) pad direct
- Does not need to match co

a little lighter or darker col
Must match chart zero colo
to be free of test substance

- Color should be uniform (n
If irregular brown/black  or- If irregular brown/black, or
Typically means strips were
and/or heat. Return strips t

OR

trips That Show 
 f  C t i

Taboo!Taboo!

 from Container
t from container (dry):
olor chart zero color…                
or is acceptable. 

or when reacted in water known 
e and interfering substances. 
ot “spotty”).
r spotted  do not use  r spotted, do not use. 
e exposed to excessive moisture 
to vendor.  

=



Do Not Laminate, C
C l  ChColor Ch

• Bottle labels and/or color 
to show the same color fo
under various lighting con

• Laminating, covering with
label/colo  cha t in an  label/color chart in any w
circles/blocks to show a d
intended by the manufact
- May result in inaccurate 

Cover or Modify 
h t 

Taboo!Taboo!

hart 

 charts are specially made 
or each color circle/block  
nditions.

h film, or modifying 
a  ma  ca se the colo  way may cause the color 

different color than that 
turer.
 test readings.



SSumm

Test StripsTest Strips
 Widespread use in me

 F  i   Fast, convenient, accu

 Must adhere to specif
type to ensure accur

 Avoid traps (“Taboos” Avoid traps ( Taboos
problems. 

mary

edical industry. 

 h  d l  urate when used properly. 

fic IFU for each test strip  
d b lracy and repeatability. 

”) that can cause ) that can cause 



Notes of I

• AAMI RDD Committee i

Notes of I

AAMI RDD Committee i
Information Report (TI
dialysis. It will include i

Thi  t ti  d 

• CMS requires documen

• This presentation, and 
information on test stri
“Technical Support Infopp

RPC Web

www.rpc-rap

nterest

is working on a Technical   

nterest

is working on a Technical   
IR) on tests used in 
information on test strips.

dditi l d ti l 

ted process control

additional educational 
ps, can be found in the 

ormation” section of the 
b site at: 

abrenco.com


