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Elements N a

(mg / L )
K
(mg/L)

M g
(mg/l)

C a
( mg/L)

FIAS Automatic Dilution 64413 ± 309 1430 ± 38 458 ± 5 2046 ± 2 5
n=4 n=7 n=9 n= 7

Manual Dilution 64525 ± 303 1450 ± 6 459 ± 1 2030 ± 2 6
n=8 n=3 n=5 n=5



NaC l
wt (%)

No. of
Replicates

RSD
(%)

15 60 3 . 3
20 33 4 . 5
20 11 x 7 sets 1 .7*
30 11 x4sets 3 .1*

Al Alloy Measured Ti
Content
wt(%)

Certified Ti
Content
wt(% )

BAM 202 0 .034 0.0 3
BAM 206 0 .016 0.01 3
BAM 300 0 .014 0 .01 2
BAM 304 0 .016 0 .015



NBS 1576
Measured
Content

Certifie d
Conten t

Wheat Flour (µg/g) 6µg/g )

Mn 8 .2 ± 0 .1 8 .5±0 . 5

Zn 10 .0± 0 .1 10 .6±1 .0

Measuremen t
No .

Al
(mg/L)

Std .
Dev.

1 5 .8 0 . 3
2 5 .8 0 . 5
3 6 .2 0 . 4
4 5 .9 0 .2

Extract FI-FAA Fire Assay

Au (g/t) 14 .6* 14 .8

Std . Dev. 0 .7 –

RSD 4 .9 % –

Steel Measured Cr
Content (wt %)

Certified C r
Content (wt %)

BAM
4b/2330 0 .038 ± 0 .002 0 .040 ± 0 .003

BAM
SiM n
1/970

0 .201 ± 0 .002 0 .193 ± 0 .008



% Potassiu m
Sample Measured Certified
Orchar d
Leaves

1 .45 ± 0 .01 1 .47 ± 0 .0 3

Bovin e
Liver 1 .05 ± 0 .04 0 .97 ± 0 .06



Prforrn an (•(' Data

Cr'. Cr'
Working range (pg/L) 10–200 10–200
Sensitivity enhancement (EF) 25 25
Conc . efficiency (EF/min) 23 23
Char. conc . (pg/L, peak height) 3 .9 3 .2
Detection limit (pg/L) 1 .0 0 .8
Sample consumption (mL) 3 .0 3 .0
Measurements / hour 55 55

Analytical results

Sample Certificate
[pgM

Found [pg/L]

Cr'* Cr'

NIST-1643b 18 .6 ± 0 .4 18 .0 ± 0 .5 n d

NIST-1643c 19 .0 ± 0 .6 19 .5 ± 0 .5 nd





Element Concentratio n
(mg/L)

Sensitivit y
Enhancement

Ag 0 .01 13 5

Al 6 .0 -

As 2 .0 17 4

Au 0 .04 13 5

Si 0.2 81

Cd 0 .005 7 0

Co 0 .01 7 3

Cr 1 .0 -

Cu 0 .05 5 0

Fe 0.2 1 4

Mn 0 .5 -

Mo 0 .1 142

Ni 0.04 7 2

Pb 0.05 6 0

Pd 0 .005 107

Pt 20 .0 -

Se 0 .2 155

Sn 5 .0 -

Ti 10 .0 -

TI 0 .5 -

V 10 .0 -

W 2 .0 106

Zn 0.01 36

Element
Measured

[µg/L]
Certified
[IAA]

Lead 23.0 ± 0 .4 23 .7 ± 0 . 7
Cadmium 19.0 ± 0 .3 20 .0 ± 1 .0

Copper 22 .0 ± 0 .4 22 .3 ± 0 .4



Element
Content (µg/L) D .L .

(Ng/L)
Preconc.
Time (s)Sample A

	

Sample B
Cd 0.9 3 .0 0 .07 40
Co 2.5 67 .5 1 .1 30
Cu 4.6 8 .8 0 .2 40
Ni 10.0 135 0 .5 30
Pb 0.6 1 .9 0 .1 60

Parameter Lead Cadmium

Concentration, Ng/L 20 1 0

Recovery, % 100 9 8

Absorbance 0 .046 0 .04 0

Enrichment Factor 100x 25 x

Enrichment lime, s 60 20

Parameter Lead Cadmiu m

Conc., Ng/L 0 10 30 0 1 3

Abs . 0 .005 0 .027 0 .073 0 .006 0 .012 0 .033

Enrichment 100x 25 x

Time, s 60 2 0

D.L ., Ng/L 3 0 . 3

FDR* 40 5

USEPA* 20 10







Element Matrix Perkin-Elmer Lit . No.

Cr (Speciation) Water AS-122 1
Ca Phosphat AS-121 1
Cu High diss . Matrix AS-1212
Cd, Cu, Pb, Sea Water, Preconcentr . AS-1213
Pb Biol. samples, Preconcentr . AS-1215
Cd, Cu, Ph, Water, Preconcentr . AS-1214
Cd, Co, Ni Biol. samples, Preconcentr . AS-1216
General Automated Dilution TSAA-1 6
General Automated Preconcentration TSAA-1 5
General High Dissolved Solids TSAA-1 1
General High Dissolved Solids AS-1137
General Optimization of Parameters AS-1136
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Comparision of flow injection mercury/hydride AA with batch and continuous flow
techniques

FI-MH

	

Batch

	

Cont . Flow
System

	

System

	

Syste m

Simple instrumentation

	

+

	

+

	

+

No spectral interferences

	

+

	

+

	

+

Control of chemical interferences

	

+

	

+

	

-

Good reproducibility

	

++

	

+

	

+

High relative sensitivity

	

+

	

+

	

-

High absolute sensitivity

	

++

	

-

	

-

Small sample volumes

	

++

	

-

	

-

Easy automation

	

+

	

-

	

+

High sample throughput

	

++

	

-

	

-

Variable sample volumes

	

++

	

+

	

-

+ = good

	

++ = very good

	

– = poor



Consumption and cost comparison

FIAS Batch Cont.
Flow

Sample (mL) 1 .0 1 .0 8

conc . HCI (mL) 0 .5 0 .5 1
NaBH4 (mg) 5 200 6

NaOH (mg) 1 70 5
relative cost 1 12 1 . 8
Time (seconds) 40 100 60

Relative Sensitivities

500 IL of 10 Jg/L solution typically
will give the following absorbanc e
value s

As
Bi

Sb

Se
Sn

Te

Hg
(with SnCl 2 : 0 .100)

(1 mL sample)

0 .45 0
0 .47 0

0 .20 0

0 .10 0
0 .16 0

0 .37 0

0 .07 0
1 pg/L Hg by
amalgamatio n
0 .03 0

The influence of the reaction coil size
and oxidation state on the peak heigh t
sensitivity (sample: 10 pg/L As )

Coil length Coil I .D.

	

Asa*

	

As s+

[cm]

	

[mm ]

7

	

0 .5 0 .491

	

0 .01 4
67

	

1 .0 0 .640

	

0 .040
210

	

1 .3 0 .790

	

0 .185



Detection limits with the FI-MH-AA
technique for aqueous solutions (500 pL )

Absolute
( ng)

Relative
(µg/L)

As 0.025 0 .050
Bi 0.020 0 .040
Sb 0 .023 0 .04 5
Se 0 .020 0 .04 0
Sn 0 .050 0 .10 0
Te 0 .055 0 .11 0
Hg* 0 .006 0 .00 6

Hg detection limit using amalga m
technique



Matrix Elemen t

Body fluid s
Sewage sluge, waste water
Sediments
Drinking water, mineral wate r
Samples of biological origin :
Bovine liver, animal muscle ,
Wheat and rice flours
Fly as h
Steel s
Spinach, orchards leaves ,
Pine needle s
AgNO 3

As, Se, H g
As, H g
As, H g
As, H g

S e
As, Se, S b
As, Bi, Sb, Se

H g

Selenium content [µg/g]
Measured Certified

Oyster Tissue (NBS 1566) 2 .07 ± 0 .05 2 .1 ± 0 .5
Wheat Flour (NBS 1567) 0 .97 ± 0 .03 1 .1 ± 0 .2
Rice Flour (NBS 1568) 0 .34 ± 0 .01 0 .4 ± 0 . 1
Bovine Liver (NBS 1577) 1 .10 ± 0 .03 1 .1 ± 0 . 1
Animal Muscle (IAEA H-4) 0 .34 ± 0 .01 0 .28

Results As (pg/L) % RSD

Tap wate r
Mineral

1 .45 0 . 7

water # 1
Mineral

14 .5 0 . 6

water #2
Mineral

15 .7 1 .7

water #3 0 .44 2 .9

FI-MH-
AA

Batc h
Syste m

Sample (mL) 0 .5 5
Concentrate d
Hydrochlori d
acid (mL)

0 .5 5

Potassiu m
iodide (mg)

3 30

Ascorbic acid (mg) 5 50
Borohydride (mg) 15 150
Samples per hour 120 - 180 3



Graphite
Furnace
[h:min]

MH-Batc h
System
[h :min]

FI-MH -AA S
[h :min]

Sample preparation 0 :10 0 :15 0 :1 5
Solution preparation 0 :20 1 :30 1 :00
Measurement 3 :10 2 :25 0 :40
Total* 3 :40 4 :10 1 :5 5
`includes rea l

working time of: 0 :30 4 :10 1 :1 5

Sb [pg/g] As [pg/g] Bi [p g /g ] Se [pg/g ]

Sample Measured Certified Measured Certified Measured Certified Measured Certified
NBS-361 46 ± 3 42 ± 5 180 ± 2 170 ± 10 5 ± 0 .5 (4) 34 ± 3 40 ± 1 0
NBS-362 120 ± 4 130 ± 10 820 ± 10 920 ± 50 26 ± 0 .5 (20) 11 ± 0 .5 1 2
NBS-363 15 ± 2 20± 10 90 ± 1 100± 10 6 ± 6 (8) 1 .8 ± 0 .1 (1 .6 )
NBS-364 320 ± 10 340 ± 10 400 ± 20 520 ± 50 14 ± 0 .5 (9) 1 .8 ± 0 .1 (2 .1)



Mercury concentration (µg/L) of several control sample s

Result measured Value give n

Lanonorm metals 1 11 .4 ± 0 .2 11 .8 ± 2. 0
Lanonorm metals 2 119 ± 3 .0 114 .0 ± 1 3

Lyphocheck urine 1 7 .8 ± 0 .9 5 .2 ± 2 . 4

Lyphocheck urine 2 31 .3 ± 1 .9 30 .5 ± 1 0

Seronorm urine 115 33 ± 0 .5 35













Analysis control via measurement of control samples after on-line microwav e
degestion

Sample Measurement valu e
(µg/L)

Nominal value
(Ng I L)

Urine:
Lyphocheck 1 7 .8±0 .9 5 .2±2 . 4
Lyphocheck 2 31 .3±1 .9 30 .5±1 0

Blood :
Seronorm 010010 4 .1 ±0 .6 4 .2±0 . 9
Seronorm 906 15 .0±0 .8 15 .0±1 . 1

Milk :
BCR No . 150 9 .2±2 .0 9 .4±1 . 7
BCR No . 151 91 .3±4 .4 101 .0±1 0
Saliva :
1120/1 6 5 . 5
1120/2 29 .2 30 . 9
Waste :
1395/3 116±4 12 0
1795/4 2 .2±0 .02 2 .1



Determination of Hg in Biological Samples with the FIMS 400 after On-line Microwave
Digestion

Water Urine Blood Milk Saliva

Detection Limi t
(µg/L) 0 .03 0 .05 0 .1 0 .1 0 . 1

Working Range
(µg/L) 0 .3 - 100 0 .5 - 150 1 .0 - 300 1 .0 - 300 1 .0 - 300

Sampl e
Consumptio n
(mL) 5 5 0 .5 0 .5 0 . 5

Time pe r
Determination
n= 3 (min) 4 2 4 4 4

Microwav e
Power (Watt) 60 — 60 60 —

FIAS On-line Microwave Digestio n
Total Hg in Blood - Method Compariso n

Fl
On-line
Digestion

Pressure
Digest
with Fl

Batch System
Direct wit h
Amalga m

Detection limit,
µg/L in blood

Working range,
µg/L in blood

Time/sampl e

Sample consump-
tion (n = 3)

0 . 1

1-300

4 min .

0.5mL

0 . 1

1-300

>1 hou r

1 .OmL

1

5-50

10 min .

1 .5mL



Determination of Hg (pg/L) in blood control sampl e

Control sample Measured value Nominal valu e

Seronorm No . 010010 4 .1 ± 0 .6 4 .2 ± 0 . 9
Seronorm No . 905 9 .5 ± 0 .8 10 .0 ± 0 . 5
Seronorm No . 906 15 ± 0 .8 15 ± 1 . 1
Behring No. 62 0401 103 ± 2 .0 90 .2 ± 8 .3



Sample Certified (mg/g) Found (mg/g )

BCSS-1 0 .129 ± 0 .012 0 .20 ± 0 . 1
BCSS-1 + 4 .0 µg/g Spike 4 .129 ± 0 .012 4 .27 ± 0 . 4
SRM 2704 1 .47 ± 0 .07 1 .54 ± 0 .



Literature for FI-Mercury/Hydride AAS

Analyte

As
As
As
As, Bi, Sb, S e
As, Se, S b
H g
Se
S n
H g
Sn
As, Bi, Hg, Sb
H g
Theory
H g
As (species)
Hg
Hg
Hg
Hg
Hg
Hg
Theor y
Theory

Urin e
Sediments
Drinking Wate r
Stee l
Fly As h
Urin e
Biol . sample s
Stee l
Blood,on-line Digestio n
Stee l
Geol . sample s
On-line Digestio n
Optimization of Parameter s
Bloo d
Urin, Seafoo d
Drinking Wate r
Environmental samples
Water, Urin e
Ai r
Drinking Wate r
TCLP Extracts
Affecting Factor s
Optimization of Parameters

Perkin-Elmer
Literature No.
TSAA-23 E
TSAA-12 E
TSAA-12 E
TSAA-12 E
TSAR-12 E
TSAA-26 E
TSAA-12 E
TSAA-49 E
TSAA-35 E
AS-121 8
AS-121 9
AS-122 0
AS-119 3
AS-119 2
AS-118 4
ENV-12 A
AS-118 6
AS-118 1
AS-103 0
TSAA-3 6
TSAA-2 8
TSAR-1 7
AS-1162
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