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W
hat is Turbidity? 

•
A

 m
easure of relative w

ater clarity 
•

A
 m

easure of suspended solids 
•

A
n indicator of w

ater quality 



W
hat is Turbidity? 

•
Suspended particles m

ay include 
–

Silt 
–

C
lay 

–
A

lgae and O
ther M

icroorganism
s 

–
O

rganic M
atter 

–
O

ther M
inute Particles 



W
hat is Turbidity? 

•
Solids in W

ater: 
–

Support grow
th of harm

ful m
icroorganism

s 
–

R
educe effectiveness of chem

ical disinfection 
–

Interfere w
ith chem

ical and biological analysis 
–

H
ave poor aesthetics 

–
A

re unacceptable for m
ost industrial 

applications 



  

W
hat is N

ot Turbidity? 

•
Turbidity is N

O
T: 

–
A

 direct m
easure of total suspended solids 

(TSS) concentration  
–

A
ble to identify the type of particles 

–
A

 spectrophotom
etric analysis 



D
rinking W

ater 

•
R

equires low
 turbidity 

•
Solids in drinking w

ater 
–

R
educe effectiveness of 

disinfection 
–

M
ay support m

icroorganism
s 

–
Poor aesthetics 
 



Turbidity Instrum
entation 



M
easurem

ent Strategies 

•
H

istorical progression of turbidity 
m

easurem
ent 

–
Jackson C

andle - visual extinction 
–

Photom
eter - light transm

ission 
–

N
ephelom

etry - 90
o light scatter 



JACKSON CANDLE 
TURBIDIM

ETER 

Candle 

Scattered 
Light 



Photom
eters   

•
O

nce photom
eters w

ere developed, light 
transm

ission w
as used to m

easure turbidity. 



Photom
eter Problem

s 

•
Low

 turbidity (drinking w
ater levels) 

–
Transm

ittance changes too sm
all to m

easure 
•

H
igh turbidity 

–
Light scattering by m

any particles interferes 
w

ith light absorption   



N
ephelom

eters 

•
U

se a 90° design in  their optical system
 

–
D

etector 90
o from

 light source 
•

R
esults are reported as N

ephelom
etric 

Turbidity U
nits (N

TU
).  

•
R

equired for EPA
 reporting 



H
ow

 do N
ephelom

eters W
ork? 

•
M

easure the am
ount of light scattered by a 

sam
ple 

Photom
eter 

Transm
itted light 

N
ephelom

eter 

Scattered 
light 



B
asic 90

o N
ephelom

eter 

0.5 NTU 

Lam
p 

Lens 
Sam

ple Cell 

90
o 

Detector 



W
hy 90 D

egrees?  
•

M
any factors affect light scattering: 

–
Particle Size 

–
Particle Shape 

–
R

efractive Index 
–

C
olor of Particles and Fluid 

–
Particle C

oncentration 
•

N
ephelom

eters attem
pt to m

inim
ize the effects of 

these factors w
hile m

axim
izing m

easurem
ent 

accuracy.  



W
hy 90 D

egrees? 

Sm
all Particles 

Larger Particles 
Even Larger Particles 

M
easure light scattering at 90 degrees to 

m
inim

ize the effect of particle size 



C
olor of Particles and Solution 

•
C

olored substances absorb light. 
•

If light is absorbed, then less light reaches 
the detector and the m

easured turbidity w
ill 

be low
er. 



C
olor of Particles and Solution 

•
C

orrect for this w
ith a ratio nephelom

eter. 
•

A
dditional detector m

easures am
ount of 

light absorbed by sam
ple and perform

s 
correction. 

Ratio Detector 



R
atio N

ephelom
eter 0.5 NTU 

Lam
p 

Lens 
Sam

ple Cell 

90
o 

Detector 

Transm
itted 

Light 
Detector 



Particle C
oncentration 

•
A

 few
 large particles m

ay scatter as m
uch 

light as m
any sm

all ones.  
–

A
 direct com

parison from
 N

TU
 to m

g/L solids 
m

ay not alw
ays be possible 

= 
= 

10 
NTU 



Particle C
oncentration 

•
Extrem

ely high particle concentrations can 
cause the sam

e light to be scattered by large 
particles. 
–

It m
ay reach the point w

here accurate 
m

easurem
ent 

is im
possible. 



N
ephelom

eters - Stability and 
R

ange  
•

A
dditional detectors increase the range of 

m
easurem

ents and add stability 
–

Forw
ard scatter 

–
B

ack scatter 



A
dditional D

etectors 0.5 NTU 

Lam
p 

Lens 
Sam

ple Cell 

90
o 

Detector 

Transm
itted 

Light 
Detector 

Back Scatter 
Forward Scatter 



N
ephelom

eters - U
SEPA

 
R

equirem
ents 

•
Tungsten-halogen lam

p operated at a 
filam

ent color tem
perature of 2200-3000K

 
•

Light path through sam
ple d 10cm

 
•

Scattered light detected at 90 r 30
o 

•
D

etector and filter system
 response peaks 

betw
een 400-600nm

 



Turbidity M
easurem

ent 



M
easuring Turbidity 

•
Turbidity is just plain different than 
colorim

etry 
–

N
o zero (im

possible to m
easure zero turbidity) 

–
N

ot a com
parison m

easurem
ent 

–
R

equires calibration on a regular basis 
 



M
easuring Turbidity 

•
In theory, relatively sim

ple to understand 
•

In practice, an accurate m
easurem

ent is not 
so sim

ple - especially <1.0 N
TU

 
–

R
ecognize potential error sources 

–
Techniques to m

inim
ize error    



Sources of Error 

•
Stray Light - Excess light in the system

 
(from

 any source) contributing to a high 
turbidity m

easurem
ent 

–
Sam

ple C
ells 

–
G

as B
ubbles  

•
Im

proper C
alibration 



Sam
ple C

ells 

•
C

ontam
inated cells 

–
D

irty sam
ple cells can give a false positive 

reading 
•

Scratched cells 
–

Scratched cells m
ay scatter light and give a 

false positive reading 



Sam
ple C

ells - H
ow

 to Im
prove 

•
C

ontam
inated cells 

–
C

ells m
ust be m

eticulously clean 
•

W
ash w

ith detergent, acid 
•

U
ltrasonic bath 

•
R

inse w
ith filtered deionized w

ater 



Sam
ple C

ells - H
ow

 to Im
prove 

•
M

ake the cell as invisible as possible 
•

Scratched cells 
–

H
ide or m

inim
ize effects of scratches 

•
Silicone oil to m

ask scratches 
•

Index sam
ple cells 



G
as B

ubbles - H
ow

 to Im
prove 

•
B

ubbles scatter light and w
ill give a high 

reading 
•

D
egas Sam

ple 
–

Tim
e - let sam

ple sit for a few
 m

inutes 
–

U
ltrasonic bath 

–
D

raw
 vacuum

 



Stray Light - H
ow

 to Im
prove 

•
Stray light allow

s m
ore light to reach 

detector = false high turbidity reading 
–

K
eep sam

ple com
partm

ent and optics clean 



C
alibration - H

ow
 to Im

prove 

•
Im

proper calibration can lead to inaccurate 
m

easurem
ents 

–
C

alibrate regularly w
ith prim

ary standards at 
the values recom

m
ended by the m

anufacturer 
–

H
ach recom

m
ends standards no less than 20 

N
TU

 - even if m
easurem

ents are <
1.0 N

TU
 

 



C
alibration   

W
hy C

alibrate at 20N
TU

? 

•
Typical error in standard preparation 
estim

ated at about 0.23N
TU

 
–

Sm
all am

ounts of error (0.23) in a 20N
TU

 
standard w

ill not affect accuracy of low
 level 

m
easurem

ents 
–

The sam
e am

ount of error (0.23) in a 0.5N
TU

 
standard w

ill greatly affect accuracy of low
 

level m
easurem

ents 
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H
ach¶s C

alibration 
R

ecom
m

endations 
•

D
o not prepare a low

 concentration standard 
for calibration 

•
C

alibrate w
ith recom

m
ended standards 

(20N
TU

) and verify calibration w
ith 

certified low
-level StablC

al standards. 
–

C
ertified 0.3, 0.5, and 1.0N

TU
 StablC

al 
standards 



Turbidity M
easurem

ents  

•
C

lean sam
ple cells 

•
U

se silicone oil 
•

D
egas sam

ple 
•

M
aintain instrum

ent 
•

Follow
 proper calibration procedure 
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W
hat have w

e learned? 



Turbidity m
easures the am

ount of 
____ a sam

ple scatters 
   

light 



Turbidity is not a direct m
easure 

of ______ _____ concentration  
   

suspended solids 



Turbidity is m
easured w

ith a 
________, and uses a _____ 

degree light scatter 
   

nephelom
eter, 90 



N
ephelom

eters use a 90 
degree scatter technique to 

m
inim

ize the effects of 
varying particle ____

  

   
size 



A
 ratio turbidim

eter com
pensates 

for absorbance loss caused by 
sam

ple _____ 
   

color 



Turbidim
eters should be _____ 

quarterly, and can be _____using 
secondary standards daily 

   
calibrated, verified 



For an accurate turbidity 
reading, it is critical that 
sam

ple cells be ____ and 
free of ______ 

   
clean, scratches 



Silicon ____ is used to 
reduce the affects of 

scratches on sam
ple cells 

   
oil  



Thank Y
ou 

 
Ted Sim

m
ons 

H
ach C

om
pany 

800-227-4224  x2113 
tsim

m
ons@

hach.com
 


