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Calibration Method for Atomic Absorbtion Spectroscopy
(Athnasopoulos, 1993 GBC Australia)

1. Calibration Curve

This is the most common method where interfere effects are known to be absent. Usually at least
three standards and a blank are use to cover the range 0.1 to 0.8 Abs. The calibration is performed
by using the blank solution to zero the instrument.

The standard are then analyzed with the lowest concentration first, and the blank run between
standards, to ensure the baseline (zero point) has not changed. Samples are then analyzed and their
absorbance recorded. A graph of Absorbance vs. Concentration is plotted and a typical curve is
shown,

/] IR WY -/ ! %))

AS|lmm e e L — o

ABSORBANCE

|
|
|
I
I
I
|
|
|
I
(
|
I
STD2 1ISTD 3
I
I
|
1
c

Cl CcsS c2
CCNCENTRATION

Where Al A2, A3 = Absorbance of Standard 1,2 and 3
¢ 1,C2,C3 = Concentration of Standard 1,2 and 3
As = Absorbance of sample
Cs = Concentration of sample
The above calibration can be performed in the concentration mode in which case the concentration
of the sample is read off directly.
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2. Standard method for sodium (Na )

Na : Atomic Wt. 22.99
Reagents for stancards preparation

Aqueous  Sodium chloride AR

Sodium carbonate AR

Non - aqueous  : Sodium 4 - cyclohexylbutyrate
Atomic absorbtion

Lamp current 5.0 mA

Flame type  : Air acetylene (oxidizing)
Wavelength (nm,) ~ Slitwidth (nm) - Optirmumworking range(pg/ml.) - Sensitivity (pg/ml.)

589.0 05 0.18-0.7 0.004
589.6 05 04-15 0.008
330.2 05 100-380 21
3304

Interferences

Sodium is partially ionized in the air - acetylene flame. Addition of caecium or potassium chloride
at final concentration of 2,000 ug/ml K or Cs will suppress ionization.

Stancard dilution
Sampletype  Conc.(mM) %RSD  Mean Abs. Replication
Blank 0 -0.000 -0.000 0000 0001 0001 0.000
Standard 1 150.000 0.97 0.145 0145 148 0145 0144 0145
Standard 2 300.000 0.70 0.223 0230 0230 0229 0226 0227
Standard 3 450,000 0.97 0.333 03% 033% 033% 0328 0333
Standard 4 600.000 0.62 0418 0421 0418 0419 0415 0416



Absorbance

0.45

04 4

0.35 -

0.3

0.25

0.2

0.15

0.1

0.05

Concentration Least Square

L 2
L 2
i 11 % ;
R fit = 0.9869
T max error = 28.073 mMol
0 150 30 450

Concentration of Na (mMol)
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3. Standard method for potassium (K )

K: Atomic Wt 39,102
Reagents for standaras preparation
Aqueous  Potassium chloride AR
Non - aqueous : Potassium 4-cyclohexylbutyrate
Atomic absorhtion
Lamp current 6.0 mA
Flame type Air acetylene (oxidizing)

Wavelength (nm) ~ Slitwidth (nm) - Optimum working range(vigml) — Sensitivity (pg/ml.)

766.5 05 0.4- 15 0.008

769.9 05 11-4.4 0.024

404.4 0.2 145 - 580 32
Interferences

lonization in the air - acetylene flame is reduced by addition of caecium , sodium or rubidium at
level of 1,000 - 2,000 pg/ml

Standard dilution
Sample type  Conc.(mM)  %RSD  Mean Abs. Replication
Blank 0 - 0000 0001 0000 0000 0001 0.000

Standard 1 1.500 0.62 0.221 0226 0228 0229 0226 0227
Standard 2 15,000 0.35 0.405 0404 0406 0403 0406 0406
Standard 3 22.500 0.60 0.5 0575 0570 0576 0579 0573
Standard 4 30.000 0.54 0.718 0715 0720 0714 0722 072



Absorhance

0.8

0.7 +

0.6

0.5

0.4

0.3 -+

0.2

0.1 +

Concentration Least Square

L 2
®
4 R’ fit = 0.9992
max error = 0.353 mMol
1h 5 25

Concentration of K (mMol)




4. Standard method for magnesium (Mg )

My : Atomic Wt. 24.312

o1

Wavelength (nm) ~ Slitwickh (nm) - Optimum working range(py/ml.) - Sensitivity (pg/ml.)

Reagents for standards preparation

Aqueous : Magnesium metal ribbon, or turnings (99.99 %)
Atomic absorttion

Lamp current 3.0 mA

Flame type Air acetylene (oxidizing)

285.2 05

202.6 10
Interferences

01-0.4
5-20

0.003
01

Chemical interference are common for the air - acetylene flame. Addition of releasing agent (2,000
- 5,000 pg/ml strontium or lanthanum) helps to remove the interference. In the nitrous oxide -
acetylene flame an ionization buffer (2,000 pg/ml K) is needed.

Standard dilution
Sample type ~ Conc.(mM)
Blank 0
Standard 1 4113
Standard 2 8.226
Standard 3 12.339
Standard 4 16.452

%RSD

0.44
0.68
0.48
0.30

Mean Abs.
0
0.213
0.392
0.544
0.696

0.000
0.214
0.392
0.544
0.699

0.000
0.214
0.393
0.546
0.69

Replication
0.000
0.214
0.393
0.545
0.644

0.000
0.214
0.387
0.545
0.697

0.000
0.212
0.392
0.539
0.695



Absorbance

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Concentration Least Square

R’ fit

max error

0.9989

0.232 mMol

4113 8.226

Concentration of Mg (mMol)

12339

16452
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. Standard method for calcium (Ca )

Ca : Atomic Wt. 40.08
Reagents for standaras preparation
Aqueous : Calcium carbonate AR
Non - aqueous  : Calcium 2 - ethylhexanoate
Atomic absorbtion
Lamp current  : 10.0 mA
Flame type Nitrous oxide - acetylene (oxidizing)

Wavelength (nm) ~ Slitwidth (nm) ~ Optimumworking range(pg/ml) — Sensitivity (pg/ml.)

4227 05 1-4 0.02
2309 05 180-760 4
Interferences

Chemical interference are common for the air - acetylene flame. Addition of releasing agent (2,000
- 5,000 pg/ml strontium or lanthanum) helps to remove the interference as does a lean flame.In
nitrous oxide - acetylene an ionization buffer (2,000 pg/ml K) is needed.

Stancard cllution
Sample type ~ Conc.(mM)  %RSD  Mean Abs. Replication
Blank 0 - -0.000 .0.000 0.000 .0.000 0.000 .0.000

Standard 1 6.000 0.87 0.264 0262 0262 0266 0263 0267
Standard 2 12,000 0.32 0.458 0.45% 0459 0458 0460 0458
Standard 3 18,000 0.28 0.621 0619 0622 0620 0623 0619
Standard 4 24,000 0.64 0.734 0726 073 0736 0737 0.738



Absorbance

0.8

0.7 +

0.6

0.5

0.4

0.3

0.2

0.1

Concentration Least Square

R’ fit

max €rror

0.9994
0.260 mMoci

2

Concentration of Ca (mMaol)

2



1
2
Nat
(ppt)
5 257.55 - 364.24
17 177.19-283.71
30 197.40-311.42
42 20131 -272.21
Mg
5 259 -520
17 2.44-6.31
30 4.16-8.25
42 5.53-9.66
1EA (Eyestalk ablation)
bt

(Analysis of variance)

(mMol) K" (mMol)

316543 2467 (29)  431-744  6.06C 0.90(32)
21560°+:2639 (33)  432-906  7.37ax1.14(35)
25338b+ 3408 (30)  4.59-930  7.21vil. 10(34)

23236bc 2174 (8)  453-853  6.60bct 097 (32)

(mMol) Caz (mMol)
3.89°+0.81 (32)  10.70- 1392 12.49 £0.91(20)
aarei 098(36)  10.70- 1621 1346 + 1.62(24)
591+ 1.16(32)  9.39-16.80 1350 £2.07 (25)
726t 1.03(27) 10.46-17.29 1357 £2.05 (23)

2 * ! 3 !
I 9% !

%



%

2
3 (mMol)1
Sppt 17 ppt
() EA Control EA Control
0 31p8em 30.40(14) 32000 16.60(15) 21 76at 2880 (19) 207450 20.97(14)
24 37148at 2344(11) 355.00b+ 18.89(12) 247.42a 35.20 (14) 254.13a 34.77 (14)
i 348.22a£31.50(12)  396.99a+ 22.24 (10) 225.99ab+ 27.31 (12) 235.62abt 29.45 (16)
1 207.68G 1260 (8) 338.96bct 35.86 (13) 209.49b¢1 3.39(10)  209.00at 19.76(12)
30 ppt 42 ppt
0 24381bt 3413 (18) 267.73a+ 29.80 (12)  239.96% 2922 (4)  224.77at 9.76 (4)
& 272.61b+ 33.40(15)  209.55h+ 18.26(15) 235.50+ 27.86 (4)  188.810#5.49°(3)
4 367.87a 3202 (14) 258.96a+ 3544 (13) 230.24+25.69 (4)  227.3%t 14.26 (8)
1 370.3iat 30.22 (10)  280.20at 37.30 (11) 262.80+23.81 (6)  254.3%t 2041 (4)
4 (mMol)l
5 ppt 17 ppt
() EA Control EA Control
% 670:081(13) 608099 (1) 75yui g1 (g 7.ia 055(14)
% 6.56:099(15) 601:089(12) gary 13016 6.7k 105 (15
30 ppt ppt
0 700 + 1.30(18) 7.33abt 0.86(16)  6.610#0.79(16)  6.59bt 1.15(16)
24 7704#0.86(13) 6750t 0.70(15)  856at 127(14)  7.97ar 1.08(14)
B geua0.84(14) 778t 0.84(13)  8130.53 (10)  7.1dabr 0.80(13)
2 g7020.74(11) 788 118(10)  8.94a0.81 (10)  7.69a 150(13)
"EA (Eyestalk ablation) 2 t ’
i %%

99 %
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5 (mMol)l
5 ppt 17 ppt
() EA Control EA Control
0 433a0.74 (17) 3.39+058(15) 32+ 113(20) 4,653 (.76 (16)
2 3.390t0.65 (14) 3400.61 (14)  4.06£0.83 (15 3.580¢ 1.20(16)
48 352.8bt0.65 (14) 285+0.48 (12) 4131 0.78 (16) 4458t 1.27(14)
72 38idx0.91 (8) 2.80£0.02 (14) 185 BRA M 448 +0.84(15;
30 ppt 42 ppt
0 637hr 097(16) 545+ 117(16)  7.05ht 096(13) 76t 1.09(14)
2 5.70bt 1.28n(15) 4.55h+ 0.56 (15) 7.65b+ 1.00(14) 9.13aht 1.84(13)
18 580bt 119(12) 6.90at 157(16) 7.56bt 0.54 (12)  9.35at 177 (12)
72 793 126(12) 7.43a0.95(11)  1105a 127(10)  9.4da+ 1.67(11)
6 (mMoiyi
5 ppt 17 ppt
() EA Control EA Control
0 12.93at 069 (12) 11.85abt 0.85(8) 1343+ 1.92(14) 13.5iat 1.19(10)
24 1146+ 150(12) 12.0iab+ 112(9) 1328+ 117(12)  1142b+ 1.38(10)
18 1001bt 133 (13) 1236a 1.27(11) 1254+ 161 (11)  10.32b+ 1.27(12)
12 1155aht 1.22(7) 1077t 1.26(12) 11641 139(9) 10.09b+ 1.03(11)
30 ppt 42 ppt
0 14830t 127(13) 12080+ 182(12)  1133°4070(8)  14.76a 14. (1)
2 1398bt 227 (15) 1158 £ 0.99v(11)  1486ar 0.82 (11)  15.74at 1.05(13)
48 15.32abt 1.17(11) 1255bt 1.19(11)  13596+0.97(10)  13.31b+0.78(lI)
72 1628a£0.94(12)  14.8iat 1.15(9)  1573a0.44 (8)  1502a0.94(12)
1EA (Eyestalk ablation) ! 1 * 3

iBd

9 %
99 %



%

7 ( ; mMol)
17 ppt 30 ppt
() ()

(pp) EA Control (ppt) EA Control
0,17ppt  21447b£30.33 (14) 17840421.36 (11)  030ppt  29549h+21.18(8) 280.51b+ 16.63 (9)
24 .12 ppt 24 . 36 ppt
48 Sppt  211490£25.39 (11) 183.29+17.76(13) 48 .A2ppt 336.43313.14 (5) 315293 +38.37 (1
72 .5ppt  260.07at 1952 (8)  182.8128.22(11) 72 .A2ppt  299.06bt 20.07 (8) 305.16ab+16.58(8
9% .5ppt 244.89ab+21.77 (7) 181.8522.78 (12) 96 .A2ppt 316.52aht12.02 (7) 328.76az 25.87 (7)

8 ( ; mMol)

17 ppt 30 ppt
() ()

(ppt) EA Control (Pp) EA Control
0,17 ppt ~ 7.60at1.22(14) 7.17£1.09(10) 0,30 ppt 9.02t 1.24(11)  6.86e£0.57 (9)

24 12 ppt 24 . 36 ppt
48 . 5ppt 563 104(9 6.83£0.66(7) 48 .A2ppt  956:1.19(9)  8.6430.91 (10)
72 .5ppt  6.65abt0.73 (9) 5.97£1.13(10) 72 . A2ppt 859 +066(8)  7.31hct1.20(10)
96 . Sppt 5530:0.77(8) 642+0.70(10) 96 .42ppt  9.17+0.69(9) -  8.1%abt 122 (10)
1EA (Eyestalk ablation) 72 t 3
a 99%

99 %
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9 ( ; mMol)
4 17 ppt 30 ppt
() ()
(ppt) EA Control (ppt) EA Control

0,17ppt  2.98at0.67(13) 2.77+0.85(15) 0,30 ppt 4520£0.45 (10)  3.61b£0.50 (8)
24 12 ppt 24 . 36 ppt

48 . 5ppt 202'+0.55(8) 252£0.60(15) 48 .42ppt  6.30:0.86(8) 5.44a10.97(12)
72 .5pot 2.14b£0.26 (8) 2.3940.69(11) 72 .42ppt  554a0£0.98 (9)  5.07a£1.10(9)
9% .5ppt 215£0.72(10) 2.30£0.48(11) 96 .A42ppt  586a0.82 (8)  6.25a:0.78 (8)

10 ( ; mMol)

17 ppt 30 ppt
() ()
(ppt) EA Control (ppt) EA Control

0,17 ot 12.19+2.21 (12) 8.97+2.20(13)  0,30ppt  1450¢123 (11) 1082+2.47 (11)
24 .12 ppt , 24 . 36 ppt ,

48 5ppt 11.69+2.66(11) 8.10 153(12) 48 .42ppt  1489+078 (8) 12.60# 162 (12)
72 .5pot 1235+154(8) 8.49+120(7) 72 .A2ppt  1421+112(>  11.33+1.60(10)

96 . 5ppt 9.59% 1.74(10) 8.58+1.29(10) 96 .42ppt  13.3911.14(7)  11.39£2.16(9)
"EA (Eyestalk ablation) 21 ¢ 3
abod 99 %
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1 . (

Na{mMol)

(ppt; FA Control EA V-0iili Gl
7ppt 0 117 ppt 225.94b 17.94(13) 248.25a+ 16.61 (17) 217.29 £27.99 (17) 261.27a+28.20(14)
24 . 112ppt  270.852£24.83 (13) 224.22b+ 16.64 (16) 207.06b¢ 16.22(11) 226.42b+27.89 (19)
48 . 5ppt  188.93Ct 24.06 (13) 210.78bC+22.85 (15) 206.85h+8.20(10) 217.47b+ 15.76 (16)

70 .5t 277.17at27.09(8) 205.20e+14.44 (13) 253.9iat 19.80 (8) 202.65b+8.91 (12)

Na{mMol)

(ppt) EA Contraol EA Control
30 ppt 0,30 ppt 263.18b+24.96(12) 264.03b+ 22.64 (13) 235.71bct 14.89(14) 234.73b+22.56(13)
24 136 ppt  333.80at31.39 (8) 340.333+29.99 (12) 283.77at 37.41 (8) 298.73a+27.62 (15)
48 .42 ppt  322.26a% 16.93 (9)  347.74a+27.93 (7) 274.87abt 46.19 (8) 326.053:8.14 (8)

72 .42ppt 21115 $11.90 (5) 330.678+43.20 (5) 212.53Ct 18.77(5) 326.3 3+ 11.18 (4)

1EA (Eyestalk ablation) t 3
3¢ 99%

99%



12

(ppt)

17 ppt 0,17 ppf
24 12 ppt
48 ., 5 ppt

72 ., 5 ppi

12

(ppt)

30 ppt 0,30 ppt
24 . 136 ppt
48 . 142 ppt

12 .42 ppt
EA (Eyestalk ablation)
abed

EA
5.300c£0.69(17)
6.963:1.18 (16)
4.62¢£0.90(14)

5.69 + 1.15(10)

EA
7.97abt 1.15 (13)
9.15a 1.00(10)
8.93a£0.87 (9)

7.17b£0.92 (5)
2

Contro

7.2 3£0.94(18)
7.12340.46 (14)
6.87aD0.72 (15)

6.17 +0.87 (14)

Contro

7.55b£0.74 (14)
9.18a£0.86 (14)
8.69ab£0.51 (6)

9.613+ 141 (5)

t

k!

99%

K(mMaol)

EA
8.06a£0.98(15)
6.38 +0.88 (18)
6.52 +0.59 (13)

7.42a£0.33(8)

K(mMol)

EA

8.28+ 1.27 (18)
9.19+ 0.87 (10)
8.81+ 0.79 (9)

7.76%0.53 (5)
3

101

Contro
7.70a£0.72 (18)
6.89b+0.62(19)
5.95e£0.65 (18)

5.87e+0.40 (12)

Control
7.04b+ 1.48 (16)
8.02ab£0.85(14)
9.1 3£0.52(9)

9.393£0.77(5)
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13 . (

Mg2 (mMol)

(ppt) EA Control EA Control

17 ppt 0,07 ppt  3.67bx 0.74 (17) 5.32a£0.84(18) 3.65bx0.43 (15) 4.963:0.85 (19)
24 112ppt  491a 052 (15) 4.79a+0.48(18)  3.06G:0.31 (12)  4.07b+0.76(19)
48 . 5ppt  2.93c£0.59(15) 3.48b:0.76(17)  3.03°+0.47 (13)  3.87 £ 0.58(18)

72 . 15ppt  5.22a0.76(10) 2.92b+0.33(14)  4.53a0.41 (9)  4.04b10.49 (14)

13 . (

Mg2{mMol)

(ppt) EA Control EA Control
30 ppt 0 130 ppt 5.60bt 1.06(13) 4.67C+0.31 (13) 6.20b+ 1.19 (18) 5.58°+0.86 (15)
24 .36 ppt  8.75ax1.03 (7) 7.35b£1.30(13) 9.4 3% 1.39(10) 7.01bx 1.29(14)
48 . 42ppt  8.25at1.36(9)  8.66a%0.74 (6) 9.66a+1.20(9) 7.330£0.73 (8)

72 . 42ppt 9.7iat0.96(5)  9.135+0.50 (4)  10.05at1.56 (5) 9.2 3+0.60 (4)
1EA (Eyestalk ablation) 2 t 3
abed 99%

99 %
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1 ( )
Bafmmol)

(ppt) EA Control EA Control

17 ppt 0,17 ppt 10.10b+ 1.91(16) 12.87b# 1.29 (13)  1461at1.05(15)  17.84 at 1.23 (9)
24 12ppt  12.99a 1.20(15) 11.22°# 1.79 (15) 1017 + 1.14(12) 13.67b1.81 (15)
48 . 15ppt  8.42C+ 1.36 (14) 14.60a+1.36(16) 9.93br 1.73 (13)  13.80b+1.06(12)

72 . 15ppt  12.99at 123 (10) 13.95abt1.07(11)  11.39bx 1.27 (7)  13.69b ¢ 1.78 (11)

1 . ( )
Caz{mMol)

(ppt) EA Control EA Control
30 ppt 0 130 ppt 13.1 3£ 2.46 (14) 12.40b+ 1.00(14) 12.07abt 1.65 (19) 11.46£0.99(15)
24 36 ppt  13.82a£0.74 (8) 1437**+0.80 (14) 13.91& 1.00 (10) 12.78+1.69(16)
48 . 142 ppt  12.84a+ 1.50 (10) 15.59a£0.81 (8)  12.883:0.61 (7) 13.55%2.83 (11)

72 .42ppt  10.24b: 1.46 (5) 14.9552.54 (5)  10.67 £1.30 (5)  13.32+1.88(6)
EA (Eyestalk ablation) 2 1 ! 3
99%

99 %



class A

BOD (ppm) 0-3

(ppm) 0-0.4
pH 6.5-85
DO (ppm) >4.0
Tranparency (cm) >40
class A ;
class B :

(Sedimentation)

class C

class B
3-9
0.4-10
55-6.5, 8.5-9.5
<40
20-40

(Aeration)

104

2537)

class ¢
>9
> 10
<55,>95

<20



29 2513

2535

2537
2539

2

N #.

2541

105
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