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Flow Injection

Why did the market choose Flow Injection vs. SFA or Discrete



WE LOVE FLOW INJECTION

FIAlab Instruments has the strongest roots In
flow Injection out there.The inventor of these
technigues (Jarda Ruzicka) founded FlAlab In
1987. For over 30 years now, we have remained
on the cuttingedge of these techniques and
have significantly improved these technologies.
The latest technological break through
Sequential Injection was also founded by FIAIaP.
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WHY DID FIA BECOME MARKET LEADE

? Speed
A Whole Calibrations ~5 min from st&#EAK IN LESS THAN 60 SECONDS

? Carryover
A completereturn to baseline between injection:

? Use of plastic (Teflon) capillary tubing S

A Actually, much more inert than glass and cost is significantly reduced to
change or replace tubing vs. glass

? Wider Dynamic Ranges
A Less Reruns/dilutions needed (Compared to SFA/Discrete)

? Lowest Cost of OperatieHighest Cost I©PERATOR TIME




WHY DID FIA BECOME MARKET LEADE

? Troubleshooting
A Know what you did wrong can be corrected quickly

? Does it all
A Low Level of Detection
A Various Matrices
A Amperometric detection (CN), Direct Voltage (Fluoride for example)

? Simultaneous Determinations

A This was a downfall of discrete (sequential) productivity (Ammonia/NOXx),
(OP/NO2) |

? Gas Diffusion e
A Ammonia inline Distillation via GD

? Sample Prep automation (Inline TN/TP/CN/PhenoI/MBA:': |

® — :
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Flow Injection

Hardware Advancements



FIA-FLEX vs. FIA1000

FIAlyzer-FLEX

FIAlyzer-1000

Suggested Platform for Labs Who Need:

Easy Switchover Between Chemistries
Integrated Low-noise Detector

In-line Method Compatibility

Small Batches of Multiple Chemistries

Suggested Platform for Labs Who Need:
e Dedicated Workstations

e High Throughput

e 100% Visible Manifold

e Greater Compatibility with Multiple
Detection Types

Copyright 2025. FlAlab Instruments, INC. All rights reserved.
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HARDWARE ADVANCEMENTS

? SizeBench Space Critical
? Backup for Lab (redundancy)

9
9
9

~ull Array Spectrometer
Pump Control (FIA)

_ower cost of operation over Lachat

? No ORINngs

? Improved Cadmium Column
? Metal not plastic

? Flexibility

Copyright 2024. FlAlab Instruments, INC. All rights reserved.
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UNIQUE FLEXIBILITY WITH LITTLE ADDE
COST

? FLEXIBILITY

AAdd Autosampler
and Software
license

~
a2’ ! <
> TWO g
h does
WORKSTATIONS
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MULTICHANNEL FLOW INJECTION SETLU

EXTREMELY SMALL SIZE
60 cm x 25 cm x 50 cm
(actual space 10 cm)

2-channel setup,Nitrate+Nitrite and Ammonia

» 14
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HIGH END FULL ARRAY SPECTROMETE

? All Wavelengths

Simultaneously

ALinear Range Extension
A Colorimetric interference

identification No More FIL. TER
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LAB-ON-VALVE (LOV) DESIGN

FIA1000 LOV

?

FIAlab Desigrd
wide channels to
prevent clogs

Transparency of
valve operation

A Valve no longer
a black box for
customer

A Easy
Troubleshooting

Fluidic organization
(labeled ports)

Easy Maintenance

16
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LAB-ON-VALVE (LOV) DESIGN

Blue-dye injection on
LOV

Copyright 2023. FlAlab Instruments, INC. All rights reserved.
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SOFTWARE CONTROLLED PUMP

Peristaltic Pump

? Smooth rotations and precise
liquid flow

? Software control for ease of
use, overnight run capability
with ©O6sl|l owdown

? 6-channel capability on each
channel

? Built in for FIAL000, External
for FIAFLEX

r

Copyright 2025. FlAlab Instruments, INC. All rights reserve d.
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FLOW CELLS

Flow cells for ifine
absorbance
measurements

? 2.5¢ 100 mm path lengths

? Variety of materials for
different method
applications

Copyright 2023. FlAlab Instruments, INC. All rights reserved.
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FIALYZERFLEX SERIES
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FLOW INJECTION ANALYZER

Light source

Fiber optic
cable

Fiber optic

Flow cell
W cable
Spectrometer <——— Detector panel / module
Heater outlet —— | .
T I::] Mixing tee
Heater inlet — 17— |
Heater
cover plate
<«——— Assay panel / module

000000
000000
000000

Injection valve
(w/ Lab-on-valve
stator)

Mixing manifold
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FLOW INJECTION ORGANIZATION

? Lab-on-Valve (LOV) manifold

A Replaces traditional injection
valve stator

A Transparency of valve
operation

? Valve no longer a black box for
customer

? Tremendous help In
troubleshooting

A Fluidic organization (labeled
ports)

Sample Loop

22




MULTICHANNEL FLOW INJECTION
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. Chemistry
- Advancements

Comparison to some Lachat Methods



CHEMISTRY FLOW DIAGRAM

Example Method: Colorimetric Nitrate+Nitrite

INJECTION VALVE RC1 Cd COLUMN

PUNF FLOW ) PUMP
Probe Rinse A Speed: 55% Sample loop: 35 pL
Purple White r
White/Whi
Sulfanilamide Color reagent fow cell < e DETECTOR
e \ Flow cell
R1- Ammonium chloride | Blue/Biue RC2 RC3 RC4 10 mm path
R2 - Sulfanilamide /NED| RedRed { w
Ammonium Chloride Buffer 7
Vellow-Blue S Green/Green > W
RT *C Spectrometer
caclnim cohmn Ay = 540 nm
Carrier 2 —\ 3 Mres =650 nm
Orange
- 1 m 4 Fig. 1- Flow schematic for nitrate determination.
Sample
b
Pl ﬁ / 5 4 tuor 51,221?3 of next valve
Lachat Method Diagram New FIA Method Diagram
25
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Pump Tubing Type, Internal Diameter and Flow Rate Table

Pump Tube Type
Orange/Blue
Orange/Green
Orange/Yellow
Orange/White
Black/Black
Orange/Orange
White/White
Red/Red
Gray/Gray
Yellow/Yellow
Yellow/Blue
Blue/Blue
Green/Green

Internal Diameter (inches)
0.010
0.015
0.020
0.025
0.030
0.035
0.040
0.045
0.051
0.056
0.060
0.065
0073

Flow rates applicable to Cole Parmer Ismatec pumps only.

Flow at 40% (ml/min)
0.03
0.10
0.18
0.25
0.32
0.41
0.56
0.71
0.84

Flow Rates New FIA VS Lachat

Measured Flow

Part Number Part Number Inner Diameter
(Tygon) (Duraprene) Color (mm) Ratej"
(mL/min.)
53403 54403 Orange-Blue 0.254 0.16
53404 54404 Orange-Green 0.381 0.23
53405 54405 Orange-Yellow 0.508 0.49
53406 54406 Orange-White 0.635 0.76
53407 54407 Black-Black 0.762 0.94
53408 54408 Orange-Orange 0.889 1.28
53409 54409 White-White 1.016 1.45
m
53411 54411 Gray-Gray 1.295 2.47
53412 54412 Yellow-Yellow 1.422 295
53419 54419 Yellow-Blue 1.524 3.07
53413 54413 Blue-Blue 1.651 3.44
53414 54414 Green-Green 1.854 423

26



LESS REAGENT CONSUMPTION & WAS
GENERATION

Chemistry | Lachat Standard FlAlab Low | High | Units
Method Method Method

Nitrate/Nitrite | 10-107-04-1-C | 4500-NO3l NO3W-20-2 0.2 2.0 mg/L

Reagent Name Stability Lachat FlAlab

1.6M Ammonium Chloride | 3 months 3.07 mL 1.925 mL

Buffer (1L)

Sulfanilamide Solution Monthly 0.94 mL 0.94 mL

(1L)

Carrier (i.e. D.I. Water) 1.28 mL 0.77 mL

Total (mL) / minute 5.29 mL 3.635 mL

: : 0
Resietioispvastclappiexmateisio 0.04 cents/sample X # of samples (30,000/year)
—— . SRR S ¢ IV SJ ¢V $360 reduction in Reagent Cost
@y & (@ AT-6-"0 6B
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AMMONIA LACHAT VS New FIA

pumnp flow )

probe rise

Iy
14

nrange-white | Nitroprusside

FUMP

INJECTION VALVE
Speed: 20%  Sample loop: 10 yL

Carrier:

Manifold Tubing:

AE Sample Loop:
QC8000 Sample Loop:

Interference Filter:

DI water or Reagent 7 (preserved samples)
0.5 mm (0.022 in) i.d. This is 2.5 pL/cm.
125 cm x 0.022 in. i.d.

LR =125 cm x 0.022 in. i.d.

HR =13 cmx 0.022 in. i.d.

630 nm

¢ RedRed
‘ . flowr cell
orange-white | Hypochlonte 7 1= R1- NAOHLEDTA | Whtetie
G0°C Mote |
hlack Phenolate 45 R2-Phenol | BlackBlack
black | Buffer-Chelatmg Agent wraste
R3 - Hypochlorite | Orange/Vite
Orange carrier L3 R4 - itroprusside | rasgenie [
@Y /
greenn | sample . _
v y to port £ of newt valve GuiGn |
i 5 0f wagte W

Fig, 1- Flow schematic for ammonia determination,

DETECTOR

Flow cel
50 mm path

Spectromeer.
hy = 630 mm
)'JEF =80 nm
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Ammonia New FIA VS LACHAT

41ml of liquefied
phenol or 39.5 g

crystallin
? Reagent 2: Phenol solution (200 mLY) Add 35 mL of
8.6% NaOH stock solution to 157 mL delonized water.
I Add 8.2 mL of 90% phenol (or 7.9 g solid phenol).
Stir to mix.! Store in a brown glass bottle. st of opiaiee
phenol or 83g
crystalline

Reagent 1. Sodium PhenolateBy Volume: In a 1 L volumetric flask, dissolve 88 mL of
88% liquefied phenol or 83 g crystalline phenol (C6H50H) is approximately 600 mL DI
water. While stirring, slowly add 32 g sodium hydroxide (NaOH). Cool, dilute to the<

mark, and invert to mix. Do not degas

‘ 29
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BEST AMMONIA/TKN METHOD

Lower  Upper

05
el

0

20

05

05

10

MDL

0.006
005

01

01

0.003

0.003

0.001

0.001
0.005

0.005

Units

mgh/L
asNH3
mgN/L
asNH3
mgh/L
asNH3
mgh/L
asNH3
mgh/L
asNH3
mgh/L
asNH3
mgh/L
asNH3
mgh/L
asNH3
jimol
NH3 /L

Sample
[ Hour

120

60

il

60

60

60

60

il

Matrix

Soil extracts

Waters

Waters

Waters

Waters

Waters

Waters

Waters

Waters

Compliant
Notes

With £

A Salicylate method for soil extracts.
A0 Salicylate method with gas dlffu5|lon, can also be used for

TKN analyss.

M 4 i i ' 1 .
SNH:gO Salcylate or phenate method with gas iffusion.
A0 Salicylate or phenate method with gas diffusion, uiliing

low-noise detector, can also be used for TKN analysis
SM4500-  Salicylate or phenate method with gas ciffusion, utlizing
NH3H.  low-noise detector, can also be used for TKN analysis.
M 4500-

NH3 H.
EPA350.L Phenate method, no gas diffusion.
EPAFIAlRb ~ OPAmethod with gas diffusion, utiizing fluorometric
100 detector, can also be used for TKN analysis.
OPA method, utlzing fluorometric detector, no gas
N/A diffusion, for seawater matrices.

A\PPROVED
JULY 19" 2021

Salicylate or phenate method, utilizing low-noise detector.
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SOIL OP LACHAT VS New FIA

12-115-01-1-N ULTRA HIGH THROUGH Bray or
Mehlich

pump flow )

purple-white | probe ringe

orange-white | molybdate color reagent

puple | sample 1<'@l'>4
6

p toport 6 of next valve
or waste

Carrier: DI Water
Manifold Tubing: 0.8 mm (0.032 in) i.d. This is 5.2 uL/cm.
QC8000/8500 Sample Loop: Microloop
Interference Filter: 880 nm

45
r Note 2 7 flow call
orange-white | ascorbic acid %/ =]
316 Note
7
blue camier 2,3 /\/\ waste

FastPhosphate Determinatiord PO4S-1-2

PUMP  INJECTION VALVE
Speed: 40%  Sample loop: 12 L

RC1 RC2

C -Water | White/\White

1.02 mm

R1 = Water VWhite/\Whita

1 02 mim 7
R2 = Ascorbic acid | White/White L

1 U?. mm J

R3 - Molybdate / antimony| whternite

1.02 mim

(3 Graen/Graen

1.85 mm

Fig. 3- Flow schematic - high range

RC4

3°C

DETECTOR

Flow cel
10 mm path

A
2

Spectrometer
Ay = 880 nm

gz = N0ONE

r
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Flow Injection S

a " Calibration Results

FO4 |
Known Concentiation [mg/L) |Rep |ArealV.s)  |HeightV)  |%RSD  |%Residual [Unused |Det Conc(mgll) |Date | Time

1 00 1 %0 246 06 07 [ 199 947007 10:03504M
i 200 2 248 244 06 15 [ 197 9472007 10:04:20AM
3 120 1 151 150 04 00 [ 120 94/2007 10:04494M
_ 4 120 2 152 151 04 05 [ 121 942007 10:05194M
B 400 1 5.30 052 13 43 O 417 942007 100548 AM
8 400 2 5.20 0517 13 24 O 410 9472007 10:0812AM
7 200 1 265 0.261 08 32 0O 206 9472007 10:06:47 AM
4 200 2 262 0.257 08 21 0O 204 9402007 10:0717AM
_ 9 0800 1 1.05 010 05 08 [ 0793 942007 100746 AM
10 0800 2 1.04 0.100 05 15 [ 0787 9472007 10:0815AM
11| 0400 1 0550 0.0515 02 07 [ 0397 942007 100845AM
12 0.400 2 0549 0.0515 02 10 [ 0.3% 9/4/2007  10:0315AM
|13 0 0.0324 31e3 r D047 942007 1003454
14 000 2 0.0380 13%e3 r 00103 942007 101014 4M
%0 s

Conc =0795* Area - 0.0405

Correlation Coefficient (1) = 033393

1/% weighting
0032
0.00 200

Seltings |

oll Advancemen

—

-

Concentration
WFtrode (12 ot pohroma Pk Koon  Cocuded o
. Hae Rasponss  Concertrafion  Concentration W Endtied
Heing: ron r EEl: o W @
L b i B MER 5 S 9
fiPanetes em  [0EB 1 am e %)
Gtk 1002 T 0 2 w2 g
CoeflB: (00002 P T I 005 (0 B
e [f Gem 05 9 9% 01 Y
7 [
RSEME [272184

Fig. 4 - Example calibration data - high range

Lower limit of detection:
Lower limit of quantification:
Upper limit of detection:
Sample throughput:

Startup + Calibration:
Shutdown:

0.3 mg P/L-9.7*10°mol/L
1.0 mgP/L-3.2*10°mol/L
50 mg P/L-1.3*10°mol/L
135 samples / hour

10 minutes

5 minutes
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Software
Advancements

Lachat Omnion 4.0 Direct Comparison
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SanpleNne Rk Foston  Sanple Tipe ~ Leve

1 Samplet Unknown
2 Sample? Unknown
3 Sample3 Unknown
1 Sampled Unknown
1 Sampled Unknown
1 Samplel0 Unknown
1 Samplet1 Check Standard
1 Sample12 Unknown
1 Samplel3 Unknown
1 Sample14 Unknown
1 Sample15 Unknown
1 Sample16 Urknown
1 Samplel? Unknown
1 Sample18 Unknown
1 Sample1d Unknown
1 CamamlaM1 | Ll i smim

I
I
I
I
I
I
1
I
I
I
I
I
I
I
I

({4

dAOOOOoCOOoOoCOo=IOoOoOoacOo.Cdc

(o {1 e

o {1

Status

Inction No

Std L]
24200
§d100
BLK

Unkown
(rkown
B

RS

"
RS

RATD

RAl1

Unknown
Unknown

=

Unknown
| Unknown
| Unknown
| Unknown
| Unknown
| Unknown
| Unknown
| Unknown

E‘EIE‘E

=lslslegsleslgslslgl=mlgl=ml

o
Q

—
ey

MOF

Waght
1

1
1
1

Comment

Autodite?

OO ooOoO oo oa | .o

Remove

Remove

| Remave
| Remave
| Remave
| Remave
| Remave
| Remave
| Remave

Remove

| Remove
| Remove
| Remove
| Renave
: Remove

Remove

34



Flow Injection Software

e . Level Assay Concentration Low Limt High Limt Eval Type Spike Comp Fail Action Type
QC Table %0 Assay1 v|78 %0 110 Recovery (%) v |N/A | Continue v|ccv
Stock Standard Table i
‘.. Dataset Notes
D'JPH Ailm: + %R0 ~ PROPERTIES : Check Standard
%ﬂe— PROPERTIES VALUES
P f? Known Concentration [mg/L) | 100
F:isi.ﬁ": DOM Tests:
on__| []> +conc limit 0.00
Stop Run "] < -conc limit 0.00
User Decides

Run Recalibration Set and Repeat
Run Recalibration Set and Continue

Continue
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FlAsoft  Configuration

HARDWARE CONTROL

Status Reporting  Help

Al Devices
— Deteclors
Spectrometer]
FlAab Analyzers

Autosampler
Butodilubor
Msc Accessonies

| # Devices

Selected Device

Cannect

Cument Stafus

Unknown

B i
_—ﬁ Sample Table

Method Operation

Type:

FlAlyzer 1000

Configure Device

Accessories

Heaters: |0

SPump: (Mo

|Jser Motes:

SCOTTS DEMO

Contral Device
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ﬁl-‘\un Configuration  Tools Window Help

(& A =] w

New Open Save

Start

F'l-wi:wl Stop | Bunl

Modern

Aur3 | Rurd |

Fun2

Racks | Sanple Timing | Anaites | Fun Repot | Aun |

Sample Timing
Timing Froperties

RUN

g Eham-al'l PROPERTIES

foee Dy

E xpecled |nject to Peak Stal [Seconds)

[iming
tethod Cycle Period ©
Autasampler Timing

Valve Timing : 1

 Minutes
@ Seconds

@« Ful
5%

| Graphical |

Eupaclad Pask Baze Width [Secands

R e L B L e

0 00 200 300 400 00 60D
Kl | -+
[ Method Cycle Petind [] Time ta alva

[] Sample Period [] Losd Peiiad
B Vi Frobe nwashPeiod [ Inject Period

Software

HAsoft  Conhguration

Method Uptions  Status Reporing  Help

- Methed Operation

Method Operation

" Nitrite Method Script

Fl4lab Injection Valve Sample Load
Fl4lab1 Peristaltic Pump CounterClockwise(%) 80

Delay (sec) 10
Mext Sample
Delay (sec) 45
Loop Start
Autosampler Wash
Analyte New Sample
Next Sample
FlAlab Injection Valve Sample Inject
Delay(sec)3

Speclrometer Reference Scan
Specrometer Absorbance Scanning

Delay (sec) s
FlAlab Injection Valve Sample Load

Delay(sec)35
Spectrometer Slop Scanning

Loop End

Autosave Data C\lUsers\FlAlab\Deskop FlAlab User Files\DateTime
FlAlab Peristaltic Pump Of
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First Delete Standard In curve

Known Conc. (mg/L) |Rep. [PeakAea(v.s) [PeakHeight(v) |%RSD |%Resid. |Unused |Det Conc(mg/l] |Date | Time -
1 300 1 58.0 49 02 01 I 239 9/17/200 33319 F_
2 300 2 h8.2 494 02 0.2 I 30.0 9/17/200 33319F
3 225 1 445 3.78 03 0.3 I 225 9177200 33319F
4 225 2 447 379 03 0.1 " 225 9177200 33319F
5 15.0 1 305 258 03 0.0 D 15.0 9177200 33219F
B 15.0 2 306 259 03 0.4 D 151 9/17/200 33219F
7 7.50 1 306 259 917 /200 33219F
8 7.50 2 30.7 2.60 9/17/200 33219F
9 2.50 1 5.03 0.412 1.0 0.0 [ 249 3/17/200M 3:3319F
10 2.50 2 510 0.416 1.0 1.4 [ 252 3/17/200M 3:3319F
11 1.00 1 1.44 0113 43 215 [ 0.821 9/17/200 33319F
2 1.00 2 1.35 0.105 43 261 |_] 0.782 9/17/200 3 33:115:‘ —
g |4 i | » I
_hannel 1 ,
= 3| | 582 -
l 718 p= ' Area =-6.84e-3 * Conc™2 + 215 * Conc - 0.313
bl 3 Conc = 9.55e-4 * Area™2 + 0,458 * Area + 0.160
E - a0, Cornelation Coefficient [1] = 0.99334
l_ . Weighting : None
s
| =
l ‘D
[=%
— g
b. -
L
T | 0,031 0.00
-1 oA nnn sl
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Rerun Peak Detection

S Hun Lonfiguration lools Window Help -
D | @ [H ® | ® LACH.
New Open Save Start Preview Stop Aunl Run2 Run3 Aund
H 5.81 - = =
3 3
m 531 | 0.0mgl . 200mall
G
L) - =
w o
= 3z,
m @ @
& ]
[‘@ 25mgl. 225 mall Adjust Peak Expectation Window
Adjust Baseline Window for Manual Detection
Adjust Integration Window for Manual Detection
< B
sl E(é
2 S o
L=l -
= I"so mg/L 15.0 moL Peak Properties
[ Channel Display Properties
Rerun Peak Detection
Rerun Peak Detection Ignoring Calibration Standards
Edit Peak Items
Enable Threshold Mode
Locate Sample % g 2
\ 2.50 ma/L 2.50 ma/L = = = a
\ } /]\ \ o wn g 7
3 It \ 1.00 mg/l 1.00 mgdl iy o
‘ 1 ) Oy O 0 P - e s LT [0 et T et e } o1, e 0.00 mg/L 0.00 g/l
0.234 - t \i' | = = f I f —f— t } t + — ™
04 Time : [s] 67
r Time :362.5 ¢ |Response: 290V Sample (D : CalStdD Fep.:1 | Analpte: orthophos Concentration : 7.50 mg/L

Idle
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Click oWhile running

FlAsoft Configuration  External Calibration  Background Correction  Print  Report  Status Reporting  Help

l P!Ots Channel 1-540nm Channel 2 -580nm Channel 3-595nm Channel 4 -600nm
e View by run
i View by peak 0.3
Processing profile '
= Calibraiion
.- Main view
-1 Results 0.2
Detailed %
D
Summary <
Report 2
Method Log < 0.1
0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 1
_ . Concentration
[ Lock view
Fit model: |1st order polynomia Peak Known Calculated
Weighting | | Name Response Concentration Concentration # Bmor Peak Time Enabled
eighting: |none v > 0.0011 0 27,0646 NA 20180417 10:1... [
L 0ppb 0.0000 0 96698 NA 20180417 10:1... ]
£ Devices Fit Parameters 50 ppb 0.0019 50 552076 10.42 20180417 10:1... (]
Coeff A- ~ 0.00032 50 ppb 0.0018 50 507465 149 20180417 101... 0
Coeff B: X .
f@ Sample Table 0.00003 100 ppb 0.0040 100 1286199 2862 2018-04-1710:1... (]
CoeffC: 100 ppb 0.0028 100 88.1418 11.86 2018-04-1710:1... (]
- _ o B 500 ppb 0.0137 500 468 667 627 2018-04-1710:1... (]
Method Operation Coeff D= 0 500 ppb 00138 500 4722047 5.56 20180417 10:1... ]
=)
R 0.99986 1 ppm 0.0273 1000 947 1245 529 20180417101 =
ﬁ Real Time Data View RSE (%) 1143502 1ppm 0.0282 1000 978.9417 2.11 2018-04-1710:1... (L]




Wavelength Change

97 FlAsoft Viewing Data From C:\FIAsoft Data\Curve NOX.dat

FlAsoft Configuration Options  Status Reporting  Help

Real Time Data View Plot Options
Show last |5 < | minutes

Show Channels:
] Channel 1

2 Channel 2
] Channel 3

Channel 4

Cumrent Sample Information

No Method Running

1.5
i — Channel 1 -540nm
1 ~— Channel 2 -580nm
- ) ] Channel 3 -595nm
lf Devices 1 4 Channel 4 -600nm
g J
r=: -
goe== o E
Lﬁ\ Sample Table 5 J
8 05+
< J
Method Operation ]
0 - - —
g Real Time Data View ]
— — T — —
- ) 340 360 380 400 420 440 460 480 500
Data Analysis Time (sec)
0 35+ Jm ; r . D p s S e BEDE
~ Windy mm Q Search Q' I= = !" | < & 3 L ANl E @ AN® o0
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Wavelength Change -While running




