RESULT AND DISCUSSION

4.1 THE STUDY OF SHAKING TIME

The various shaking times of each PAH, e.g., acenaphthene,
fluorene, phenanthrene, fluoranthene and pyrene are studied in
various extracting solvents, i.e., carbon disulfide, cyclohexane
and methylene chloride and in each sample to solvent ratio, i.e.,
g:1, 5:5 and 2:8. The results of(shaking-time having the effect
on % recovery of each PAH are shown in Table 4.1-4.5. The graph
plotted the % recovery of each PAH sgainst the shaking time for
the extraction which carbon disulfide as solvent is shown in
Figure 4.1. It shows that each PAH reaches the equilibrium in 20
min for the ratio of 9:1, 10 min for the ratio of 5:5 and 6 min
for the ratio of 2:8. When cyclohexane is used as extracting
solvent, the results are shown in Figure 4.2. The equilibration
time for each PAH is 10 min, 6 min and 4 min for the sample to
solvent ratios of 9:1, 5:5 and 2:8, respectively. The results
with methylene chloride as extracting solvent are shown in Figure‘
4.3. The equilibration time for each fAH is 20 min for the ratio

of 8:1, 2 min for ratio of 5:5 and 4 min for ratio of 2:8.



% recovery of acenaphthene in various solvents

(A) SOLVENT: CARBON DISULFIDE

Table 4.1 The results of the effect of shaking time on

52

SHAKING RATIO 831 RATIO 5:5 RATIO 2:8
TIME .
(min) # E % RSD % E 2% RSD % E % RSD
Z 45,35 &.37 88.83 0.33 96.29 1.18
4 60.28 - 1.186 89.08 0.57 95.19 2.08
5] 10.27 - 2.32 90.74 0.33 94.85 1.83
10 78. 55 1.07 80.57 0.35 ND ND
15 80.45 0.60 80.57 0:29 94.92 1.91
20 81.59 1.08 90.36 0.786 ND ND
25 ND ND ND ND 96.27 2.37
30 81.02 0.44 90.74 0.29 ND ND
(B) SOLVENT: CYCLOHEXANE
SHAKING RATIO 9:1 RATIO 5:5 RATIO 2:8
TIME
(min) % E = % RSD % E % RSD % BE.. % RSD
2 78.74 6.5 93.31 0.59 97.53 0.41
4 84 07 -9.88 93.07 0.90 96.96 0.46
B 84.53 4.40 g2 :71 - 0.56 96.38 1.32
10 90.58  1.82 ND ND ND ND
15 89.25.2.87 91.42 0:70 97.56 0.69
20 89.25 3.%97 ND ND ND ND
25 ND ND g93.03 - 1.81 97 .21 - B.38%
30 91.40 :.0.88 ND ND ND ND
(C) SOLVENT: METHYLENE CHLORIDE
SHAKING RATIO 9:1 RATID 5:5 RATIO 2:8 ‘
TIME
(min) % BEx g ReD % Bi % R&D % E. % RsD
2 5498 1 .62 89.153 :3.05 g1.74 1:865
4 7.7 B17 '93.50 - 2.96 96.87 0.53
B 7182 870 180.79 126 g5.39  2.2%9
10 74.73. . 0.26 ND ND ND ND
15 78.96 0.96 891.28 0.868 g4 .51  2.25
20 80.80: @45 ND ND ND ND
25 ND ND 91.04 1.868 g3.83 1.90
30 80.75 0.14 ND ND ND ND

Triplicate analyses
ND = Not Determine



Table 4.2 The results of the effect of shaking time on

% recovery of fluorene in various solvents

(A) SOLVENT: CARBON DISULFIDE

SHAKING RATIO 9:1 RATIO 5:5 RATIO 2:8
TIME
(min) % E % RSD %2 E % RSD % E % RSD
2 56.18 3.47 86.53 0.46 87.74 1.30
4 862.54 4.686 88.789 0.34 98.56: . '1.35
B8 28:51 1:15 89.65 0.17 89.10 1.88
10 81.85 1.45 89.76 0.08 ND =
15 83.73 0.73 80.73 0.58 88.34 0.83
20 83.73 1.12 91.43 0.08 ND -
25 ND - ND - 97.83 1.44
30 83.73 0.886 91.64 0.14 ND -
(B) SOLVENT: CYCLOHEXANE
SHAKING - RATIO 8:1 RATIO 5:5 RATIO 2:8
TIHE
(min) % K. % RSD % E-. % RSD % E % RSD
2 75.04. 5.156 86.53 4.72 77.28 1.46
4 80.05 5.04 891. 72 .. 0.8B5 86.85 5.84
B8 82.72 .:4:94 890.87 3.08 85.00 6.08
10 84.95. 1.95 " ND - ND -
15 88.17. 3.32 891.27 1.84 96.27 5.18
20 88.49 4.286 ND - ND -
Z5 ND - 890.84 0.75 98.58 2.13
30 88.28 1.95 ND - ND =
(C) SOLVENT: METHYLENE CHLORIDE
SHAKING RATIO 9:1 RATIO 5:95 RATIO 2:8
TIME
(min) % 5B - % RSD 2 E % RSD % B % RSH
2 30.89:11.00 84.97 1.62 91. 71 .8.85
4 48 .51 8,08 g88.04 .1.86 g92.83 1.70
B 57.13 . F.3% 89.36 - 4.22 83.83 '1.88
10 76.94. :1.0D ND - ND -
15 17 211 24 90.78 - 2.82 g82.18 2.80
20 77.03 B.TT ND - N -
25 \D - 89.71 2.88 g92.64 .. 2.52
30 76.88 0.95 ND = ND =

Triplicate analyses
ND = Not Determine



Table 4.3 The results of the effect of shaking time on

% recovery of phenanthrene in various solvents

(A) SOLVENT: CARBON DISULFIDE

 SHAKING RATIO 9:1

RATIO 53D RATIO 2:8
TIME
(min) % E % RSD % E % RSD % E % RSD
2 43.04 6.186 93.77 1.81 96.46 3.02
4 85.02 2.81 92.88 2.22 '97.87 4.70
B 71.81:-8.70 g2.80 2.07 85.58 - . 3.37
10 79.07 3.83 94.42 1.12 ND -
185 84.42 2.84 g4.08 2.50 g6.74 2.18
20 84.85 0.61 93.75 0.57 ND -
25 ND - ND - 96.28 6.25
30 84.77 0.64 95.12 4.83 ND -
(B) SOLVENT: CYCLOHEXANE
SHAKING RATIO 8:1 RATIO 5:5 RATIO 2:8
TIME .
(min) % E.. % RSD % E % RSD 4 E % RSD
2 86.36 3.58 79.38 4.98 87.22 5.13
4 88.18 5.48 88.73 6.03 90.22 3.97
B 88.20 4.28 88.44 2.00 g2.88 3.12
10 g1.08 3.88 ND - ND -
15 - 981.95 1.286 90.768 3.77 92.47 2.42
20 g2.04 1.03 ND - ND -
25 ND - g1.08 3.88 92.286 4.37
30 g91.37 2.886 ND - ND -
(C) SOLVENT: METHYLENE CHLORIDE
SHAKING RATIO 8:1 RATIO 5:95 RATIO 2:8
TIME
(min) % E % RSP % B % Reb Z K % RSP
2 38.78 14.67 82.898 8.67 90.82 1.38
4 80.40 7.84 84.21 .1.9%1 ap .20 2.55
B 75.84 2.49 85.10 - 3.95 88.33 . .3.31
10 75.56" 8.7 ND - ND &
156 i &7 A o I s 86.85 0.20 88.89 4.90
20 77.36 1.93 ND - ND =<
Z5 ND - 87.87 6.28 g91.838 5.952
30 77.51 _1.71 ND = ND =

Triplicate analyses
ND = Not Determine



Table 4.4 The results of the effect of shaking time on

% recovery of fluoranthene in various solvents

(A) SOLVENT: CARBON DISULFIDE

55

SHAKING RATIO 89:1 RATIO 5:5 RATIO 2:8
TIME
(min) %Z:-E. . % RSD % E % RSD # E % RSD
2 30.40  2.37 80.15 0.75 .59.82 . 2.58
4 36.75  -1.8D 91.10 0.38 86.45 1.26
B8 4%.14 .1.10 91.14 0.48 97.41 3.07
10 46.58 5.20 91.85 1.02 ND -
15 58.26 1.12 91.80 1.28 g7.88 4.18
20 73.22. 2.23 92.14 0.58 ND -
25 ND - ND — 88.83 2.97
30 78.18B.. 0.87 g92.32 0.88 ND -
(B) SOLVENT: CYCLOHEXANE
SHAKING RATIO 9:1 RATIO 5:5 RATIO 2:8
TIME . :
(min) % E % RSD %'E % RSD % E -% RSD
2 52 .27 3.6 79.83 5.48 88.96 3.48
4 59,21 "6.97 87.62 1.486 90.79 4.23
B 66.83 - 95,1k g1.78 2.98 91.43 3.29
10 81.34: 378 ND - ND -
15 =5 85.09°4.08 g2.681 2.48 €3.54. '3.93
20 88.02. - Zill " NP - ND =
25 ND 931:.15:.1.83 g2.89 3.86
30 B88.06 . 5.50 ND - ND =
(C) SOLVENT: METHYLENE CHLORIDE
SHARING RATIO 9:1 RATIO 5:5 RATIOD 2:8
TIME
(min) %8 % ReD R | % RSB % BB RSD
2 2722 5. .02 8. 44  5.17 88.05 1.70
4 33.98  2.568 84 .00 1.45 80.41. 8,81
B 431 .85 '0.85 B8.11 4-.04 92 .30:3.38
10 b8.88 1.81 ND - ND T
15 823 2. 217 80.28 4.73 90,41 1.78
20 7984 -0.82 ND - ND -
25 ND - 88,42 - 1.73 g1.98 2.11
30 79.84 5.58 ND - ND -

Triplicate analyses
* ND = Not Determine



Tsble 4.5 The results of the effect of shaking time on

% recovery of pyrene in various solvents

(A) SOLVENT: CARBON DISULFIDE

SHAKRING RATIO 9:1 RATIO 5:5 RATIO 2:8
TIME
(min) -« % B % RSD % E % RSD % E % RSD
2 20.04 .°8.18 81.57 -0.81 - 59.82 8.36
4 22.76 . 3.28 83.82 0.96 71.09  2.32
B 28.30 2.42 86.42 1.78 87.24 0.63
10 36.19...38.19 87.37 1.41 ND -
15 44 .34 0.78 88.00 0.82 80.30 0.56
20 45.68 0.23 88.48 0.586 ND -
25 ND - ND - 91.08 . 2.92
30 46.57 - 0.60 87.55:.1.05 ND -
(B) SOLVENT: CYCLOHEXANE
SHAKING RATIO 9:1 RATIO 5:5 RATIO 2:8
TIME : A
(min) % Betxl-RED % E % RSD % K & BRob
2 50.53°  T:%1 B4.67 8.98 82.51 .11.87
4 77.19 7:.08 79.48 12.77 95.20  8.76
B8 88.80 3.08 g2.85 0.96 98.85 4.40
10 ga 41 1.93 ND e ND -
15 2 g2.35 1009 g4.45 0.43 95.899 7.64
20 g3.10 1.88 ND - ND - -
25 ND - gg9.35 .4.83 g8.76 6.49
30 893.27  1.08 ND - ND -
(C) SOLVENT: METHYLENE CHLORIDE
SHAKING RATIO :9:1. RATIO 5:5 RATIO 2:8
TIME
(min) ¥ B % R5D ¥ E 2R3 2R % RSP
2 =79 5.08 g81:14 -4 .83 81 .53 B, T%
4 28 81" 6§27 84 .80 111 88.22 T18
B 35.89 < 3.2B 86 721,81 91.44 - 5,32
10 43:.36 4,14 ND - ND =
15 52 B8 470 87 .68 .1.07 g3:16.:1.98
20 76.24 0.08 ND - ND =
25 ND - 87.068 0.43 g0.94 3.74
30 7607 . .1.78 ND - ND -

Triplicate analyses
ND = Not Determine
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Figure 4.1 The effect of shaking time on % recovery of each PAH

with carbon disulfide as solvent
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Figure 4.2 The effect of shaking time on % recovery of each PAH

with cyclohexane as solvent
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Figure 4.3 The effect of shaking time on % recovery of each PAH

with methylene chloride as solvent
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4.2 DETERMINATION OF THE OPTIMUM AMOURT OF SODIUM CHLORIDE USED

IN THE EXTRACTIOR.

Since the egquilibration time of each PAH is evaluated in
each extracting solvent and in each sample to solvent ratio, then
the optimum amount of sodium chloride used in the éxtraction is
studied. The results of tﬁe variation of amounts of sodium
chloride having the effect on % recovery of each PAH with caibon
disulfide, cyclohexane and methylene chloride are shown in Table
4.8-4.10. The graphs plotted in Figure 4.4-4.6 show the relation-
ship between the amounts of sodium chloride used and % recovery of
esch PAH with carbon disulfide, cyclohexane and methylene chloride,
respectively. It is found that % recovery of each PAH increases
when the sodium chloride is added into the solution and the
optimum amount of sodium chloride used depends on the sample to
éolvent ratioé, however, it does not depend on solvents used.
The 2.0 g is the optimum amount of sodium chloride used iﬁ tbe
extraction of sample to solvent ratio of 8:1, 1.0 g is for the

ratio of 5:5 and 0.5 g is the ratio of 2:8.

4.3 DETERMINATION OF THE OPTIHUM AMOURT OF SODIUM SULFATE USED .

IN THE EXTRACTION.

The smounts of sodium sulfate used in the extraction
having the effect on % recovery of each PAH in each solvent and
each sample to solvent ratio are studied. The:results are shown
in Table 4.11-4.15.‘ The graphs plotted in Figure 4.7;4.9 show

that the optimum smount of sodium sulfate used in the extraction
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for the sample to solvent ratios of 9:1, 5:5 and 2:8 are 2.0, 1.0

and 0.5 g, respectively.

Table 4.6 The results of the effect of sodium chloride added

on % recovery of acenaphthene in various solvents.

(A) SOLVENT: CARBON DISULFIDE

SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E- & RSD 2 E % RSD X E % RSD
o 8%:02 10.44 80.74 0.33 88.02 0.00
B35 g1.08 0.85 g4.79 0.08 100.860 1.24
1.0 93.41 . 0.08 895.73 0.14 89.33 0.18
1.5 838.41 070 85.90 0.05 . 87.88 2.38
2.8 93.41 1.05 96.44- 0.14 105.00 8.42
3.8 93.82 1.92 896.55 1.00 ND -
(B) SOLVENT: CYCLOHEXANE
SALT : RATIO 9:1 RATIO :5:5 RATIO 2:8
CONTENT
¢g) % E 'Z:R8b %2 E % RSD % B % BRSD
8] 88.03  5.48B 93.04 1.01 g88.18 0.31
0.5 91.82 . .8.22 97.39. " 0:10 101.80.. 2.28
1.0 92.. 81 087 100.51.:'D.58 102 .88 - 0.10
1:5 90.82 4.84 99.74 0.50 99.13 0.88
2.0 ¢ 92.81.. 2.82 97.78 1.97 97.92 0.42
S8 92.87 "U.22 ND - ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT BATIO 9:% RATIO 5:5 RATIO 2:8
CONTENT
(g) % B % RSD £:5 % RSD X Ei=% RSD
0 80 .85 .'09.10 89798+ 0.68 938.83 " 190
0.5 98.05 0.28 94 37 . 0.67 a5 11 027
140 98.14 0.08 35.01 0.48 g98.19 1.57
18 89.37 0.03 93.18 - 0.608 89327 :1.93
2o 88.65 0.03 93.33 " 0.82 93.94 1.94
3.0 160.3808 “0.27 ND - ND -

Triplicate analyses
ND = Not Determine



Table 4.7 The results of the effect of sodium chloride added

(A) SOLVENT: CARBON DISULFIDE

on % recovery of fluorene in various solvents.

SALT RATIO 89:1 RATIO 5:5 RATIO 2:8
CONTENT
(8) %4 E Z RSD %# E % RSD # E % RSD
0 83.73 0.96 81.60 0.22 -88.44 0.94
0.5 98.90 0.22 83.87 0.05 88.46 2.98
1.0 98.54 0.13 94.26 0.24 89.17 0.85
1.5 88.58 0.26 94.58 0.08 101.62 1.35
2.0 89.45 0.34 91.83 0.86 87.74 3.00
3.0 88.76 0D.11 81.85 0.54 ND -
(B) SOLVENT: CYCLOHEXANE
SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT - _
(g) 4 E % RSD # E % RSD # E % RSD
0 88.28 1.85 80.95 0.75 88.20 2.13
0.5 88.54 2.84 99.82 0.286 100.00 3.20
1.0 85,28 2.25 80.85 1.08 88.38 0.46
1.5 97.87 1.34 g1.76 0.83 86.14 2.52
2.0 - 101.10 0.48 82.05 3.97 83.87 1.46
3.0 94.11 2.94 = 94.11 2.84 ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 8S:1 RATIO 5:5 RATIO 2:8
CONTENT
(g 4 E % RSD % E % RSD 4 E % RSD
0 76.98 0.85 80.50 2.02 93.05 2.55
0.5 88.71 0.04 98.63 0.25 87.88 2.88
1.0 89.82 0.04 88.28 0.72 88.46 1.05
¢ 45 99.86 0.05 96.52 1.25 83.18 5.13
2.0 898.87 0.08 25.91  0.86 . 86.89 3.18
3.0 99.88 0.09 ND - ND -

Triplicate analyses
ND = Not Determine

- B2
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Table 4.8 The results of the effect of sodium chloride added

on % recovery of phenanthrene in various solvents,

(A) SOLVENT: CARBON DISULFIDE

SALT RATIO 8:1 RATIO 5:5 RATIO 2:8

CONTENT

(2> 4 E % RSD %# E % RSD % E % RSD
0 84.77 0.64 93.96 1.53 88.24 0.75

0.5 84.68 0.15 98.58 1.13 88.15 1.80
1.9 85.21 0.04 88.45 0.351 899.40 1.866
1.5 85.88 0.27 88.00 0.24 86.58 2.34

2.0 86.26 0.07 84.18 1.48 80.58 1.58

-.0 86.34 0.20 89.44 1.04 ND -

(B) SOLVENT: CYCLOHEXANE

SALT RATIO 8:1 RATIO 5:5 RATIO 2:8
CONTENT
g) 4 E % RSD 4 E % RSD .4 E % RSD
0 89.55 1.88 81.08 3.88 91.44 3.18
0.5 84.47 3.03 101.30 0.81 100.70 0.81
1.0 94.21 3.16 87.81 2.81 898.67 0.58
A 83.54 6.02 85.51 0.85 88.31 1.14
2.0 87.12 3.38 92.42 5.30 85.35 1.05
3.0 85.61 1.31 94.11 2.94 ND -

(C) SOLVENT: METHYLENE CHLORIDE

SALT RATIO 8:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % B . % RSD % B % RSD Z2 B R-ReD
0 TeintL o 2.82 87:87 - 6.28 80.20 Z.55
05 99.97 0.18 98.45 1.64 86.60 " B.32
1.0 100.40 0.10 96.85 3.12 96.08 2.489
1.5 100.30 0.04 83.18 ° 5.15 86.12  1.406
20 100.30 0.08 93,13 1,186 88.83 2.34
3.0 100.80 0.27 ND - ND -

Triplicate analyses
ND = Not Determine



Table 4.9 The results of the effect of sodium chloride_added

(A) SOLVENT: CARBON DISULFIDE

on % recovery of fluoranthene in various solvents.

SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g % E % RSD % E % RSD % E % RSD
0 73.18 ~0.87 g92.15- 0.51 g95.03 1.54
028 83.18 0.82 96.32 0.08 gg.81 3.82
1.0 84 .47 0.07 98.87 0.78 9023  5.86
1.5 84.47 . 1.20 91.72 4.90 81.22 4.62
2.6 84.03 1.80 83.50 8.88 90.24 7.13
3.8 84.95 4.35 81.68 ©6.08 ND -
(B) SOLVENT: CYCLOHEXANE
SALT RATIO 8:1 RATIO:. 5:5 RATIO 2:8
CONTENT
Cg) % B ' % RSD % B - %Z-RSD % E .. % RSD
0 88.02  2.11 91.15 °1.83 92 .35.:3:13
0.5 g6.79 1.73 g6.54 3.04 101.00 1.37
1.0 96.95 1.03 g6.09 1.48 102 .20 . 303
1.5 g5.38 2.71 g8.13  2.23 81.00 .D.686
2.0 g99.939 0.54 94.57 2.37 g90.18 3.41
3.0 g4.84 1.38 g4.11 2.84 ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
g) B % RSD 2B, % RSD %R % RED
0 79.84 0,82 88.42 1.73 88.05 - 170
g5 89.96 0.46 a5 74 ‘D.83 g90.41° B.581
1.0 100 .5 Dy b 94.85 4.29 92.30...8.38
1.5 100.80 0.45 a2 Y 2% g0.41. 1.78
2.0 100.80 0.48 92.51 2% 91.98 2.11
3.0 100.80 0.17 ND - ND -

Triplicate analyses
ND = Not Determine
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Table 4.10 The results of the effect of sodium chloride added

on % recovery of pyrene in various solvents.

(A) SOLVENT: CARBON DISULFIDE

SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % RSD % E % RSD % E % RSD
0 46.57 0.80 87.73 0.45 g1.01 1.83
0.5 g1.88 1.82 93.20 0.18 99.78 3.28
1.0 83.75 0.22 100.00 0.860 95.40 1.42
1.8 g95.24 0.11 97.88 0.80 81.87 1.31
2.0 98.00 0.08 94 .48 8.868 85.66 7.28
3.0 100.70 0.41 89.32 7.24 ND -
(B) SOLVENT: CYCLOHEXANE
SALT RATIO 9:1° RATIO 5:5 RATIO 2:8
CONTENT
(g) ¥ B X RSD % E % RSD % E % RSD
0 93.82 2.88 85.95 1.01 96.24 2.74
0.5 97.30 0.25 100.20 0.05 84.57 7.40
1.0 99.40 0.72 99.88 0.489 98.33 1.52
1.5 103.10 1.01 = ''"93.83 1.88 57.58 3.32
2.0 180.20. 1:20 94.07 32.31 58.86 4.91
3.0 99.40 1.80 g4.11 2.94 ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) X% X RSD £ E 2 RSD % E % RSD
0 w®w.01T 1.1 89.98 4.15 80.94 3.74
0.5 100.50 0.88 86.76 1.85 99.08 0.58
1.0 100.70 ~1.8% 96.92 1.30 85.78  1.83
1.5 .88 “g.22 94.88 1.85 86.07 3.18
2.0 100.40 0.15 93.02 0.98 g4.16 1.90
3.0 160.30 .U .45 ND - ND -

Triplicate analyses
ND = Not Determine
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Table 4.11 The results of the effect of sodium sulfate added

on % recovery of acensphthene in various solvents.

(A) SOLVENT: CARBON DISULFIDE

SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % RSD % E % RSD % E % RSD
0 81.02 0.04 90.74 0.33 '88.02 0.00
0.5 96.85 0.189 96.41 0.168 101.80 0.586
1.0 98.88 0.04 97.27 0.41 100.40 1.18
1.5 98.94 0.20 94.81 0.05 97.04 0.88
2.0 98.85 0.34 94.40 2.48 97.71 1.09
3.0 98.91 0.38 92.86 1.82 85.99 2.24
(B) SOLVENT: CYCLOHEXANE
SALT RATIO S:1 RATIO 5:5 RATIO 2:8
CONTENT 4 : :
(g) % E % RSD 4 E % RSD % E % RSD
0 91.40 0.88 93.03 1.01 99.18 0.31
0.5 92.38 0.38 96.04 2.05 99.08 0.34
1.0 93.94 0.21 97.52 0.34 898.32 4.21
1.5 90.54 0.22 97.11 2.80 95.87 0.98
2.0 90.26 0.80 a7 .52 “1.02 82.83 2.08
3.0 86.71 0.81 ND - ND =
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
g) %X £ % RSD X E % RSH % E % RSD
0 80.85 0.10 91.28 0.68 93.83 1.90
0.5 98.48 0.15 95.01 0.22 99.04 4.70
1.0 99.05 0.10 95.49 0.59 102.30 6.05
1.8 99.49 0.07 96.59 0.57 g96.43 2.93
2.0 99.88 0.06 90.48 1.83 87.0% 1,44
3.0 100.40 - °D.18 ND - ND -

Triplicate analyses
ND = Not Determine



Table 4.12 The results of the effect of sodium sulfate added

(A) SOLVENT: CARBON DISULFIDE

on % recovery of fluorene in various solvents.

70

SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT :
(g) % E % RSD 4 E % RSD %# E % RSD
0 83.73 0.86 81.58 0.22 88.43 0.94
0.5 899.31 0.23 94.08 0.28 102.50 3.92
1.0 99.58 0.45 100.30 0.43 103.20 0.14
Yan 89.63 0.28 85.50 0.12° 100.30 2.02
2.0 89.83 0.35 94.81 0.22 g6.84 7.05
3.0 88.72 0.46 96.48 0.36 100.80 1.71
(B) SOLVENT: CYCLOHEXANE
SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT - -
(g # E % RSD % E % RSD % E % RSD
0 88.29 1.95 90.95 0.75 88.20 2.13
0.5 99.83 2.35 95.03 1.32 100.30 0.47
1.0 87.82 - 1.91 96.386 1.18 86.31 5.18
. - 97.18 2.42 g2.78 0.58 87.28 3.80
2.0 99.45 0.54 83.79 0.68 82.80 0.99
3.0 '97.54 1.11 ND - ND

(C) SOLVENT: METHYLENE CHLORIDE

SALT RATIO 9:1 RATID 5:9 RATIO 2:8
CONTENT
(g) 2 B % Rob % B % RSH % B % RSD
0 76.98 0.85 80.50 2.02 g1 .81 2.02
0.5 g7.38 0.30 88.48 0.82  101.08 8.73
1.0 g .24 D.22 g8.71  0.%8 102.20 6.45
1.5 98.87 0.38 87.35 0.50 g2 .48...2.58
2.0 88.82 0.59 85.22 2.70 82.57 B.27
3.0 g99.22 . 1.3 ND - ND

Triplicate analyses
ND = Not Determine
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Tasble 4.13 The results of the effect of sodium sulfate added

on % recovery of phenanthrene in various solvents.

(A) SOLVENT: CARBON DISULFIDE

SALT RATIO S:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % RSD % E % RSD %# E % RSD
0 84.77 0.64 86.25 1.40 89.24 0.75
0.5 $7.34 0.18 84.57 1.08 101.40 3.64
1.0 88.47 0.186 85.77 4.81 88.43 2.38
1.8 88.57 0.13 83.83 0.57 95.61 1.83
2.0 88.52 0.10 82.79 1.48 85.12- 3.47
3.0 88.60 0.83 86.64 3.81 85.47 3.57
(B) SOLVENT: CYCLOHEXANE
SALT RATIO S:1 .RATIO &:95 RATIO 2:8
CONTENT
() %# E % RSD % E % RSD %4 E. £ RSD
0 89.55 1.88 91.08 3.88 91.44 3.18
0.5 98.78 3.19 87.83 7.41 101.40 0.85
.0 85.81 4.75 102.20 2.58 83.01 - 5.27
1.9 84.37 2.08 86.22 3.05 84.82 3.62
2.0 94.82 3.68 95.53 2,986 83.85 - 1.31
3.0 80.78 3.086 ND - ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % RSD % E. %X R3D # E % RSD
0 .01l 2.58 87.87 6.20 80.20 2.85
0.5 104.10 0.40 88.17 3.79 108.70 .. B.20
1.0 i0S.80  O.69 87.10 0.65 82.71 1.08
1.5 104.10 1.03 84.86 3.22 87.21 1,28
2.0 103.80 0.37 81.05 2.60 80.11 6.35
3.0 99.27 1.14 ND e ND *

Triplicate analyses
ND = Not Determine
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Table 4.14 The resulté"bffﬁhéfé%fect of sodium sulfate added

on % recovery of fluoranthene in various solvents.

(A) SOLVENT:

CARBON DISULFIDE

SALT RATIO 9:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % RSD % E % RSD %4 E % RSD
0 73.18 ' 0.87 g1.88 0.38 85.03 1.54
0.5 83.79 3.44 100.20 - 0.47 101.70 3.03
1.8 89.57 : 1.57 80.04 1.71 102.70 5.31
1.5 93.00 1.37 86.89 3.48 92.20 5.88
2.9 95.83 1.96 87.97 6.44 90.48 3.89
3.0 g85.71  0.77 88.76 3.28 76.24 7.07
(B) SOLVENT: CYCLOHEXANE
SALT RATIO S:1 -RATIO 5:5 RATIO 2:8
CONTENT -
(g) # E % RSD % E % RSD %4 E % RSD
0 86.02 2.11 91.15 1.83 82.35 3.13
0.5 §3.62 1.0 81.57 1.Z8 100.20 0.82
1.8 - 82.87 1.35 85.38 0.86 89.01 3.12
1.5 93.49 1.08 83.27 2.85 88.18 3.92
.4 99.87 0.88 90.34 6.97 84.94 4.43
3.0 86.54 0.78 ND - ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 8:1 RATIO 5:5 RATIO 2:8
CONTENT
(g % E % RSD £ E X RSD % E .% RSD
8] 79.84 0.82 g8.42 1.73 - 81.87: &.11
0.5 87.01 1.45 65.26 :1.51 g8.16 1.78
1.0 a8.70 0.37 g1.73 2.24 86.61 1.30
1.5 100.00 0.08 92.74 1.73 g2.44 3.11
& 101.50 - 2.48 89.80 1.53 88.83  Z.07
3.0 101.80 0.08 ND - ND -

Triplicate analyses
ND = Not Determine



Table 4.15 The results of the effect of sodium sulfate added -

on % recovery of pyrene in various solvents.

(A) SOLVENT: CARBON DISULFIDE

SALT RATIO 8:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % RSD % E % RSD %2 E % RSD
0 49.16 0.498 87.73. 0.45 V 81.01 1.83
D.5 62.45 5.29 93.986 0.44 98.92 2.37
1.0 74.68 0.34 98.71 0.33 890.28 0.72
1.5 96.48 0.36 89.48 0.43 86.91 1.78
2.0 89.08 0.10 88.79 2.31 81.05 2.70
2.0 95.32 2.74 83.15 0.73 71.52. 2.74
(B) SOLVENT: CYCLOHEXANE
SALT RATIO S:1 "RATIO 5:5 RATIO 2:8
CONTENT '
(g) % E . % RSD % E % RSD % E % RSD
0 93.62 2.68 g5.85 1.01 85.96 2.75
@.5 g98.48 1.34 103.40 . 2.17 101.40° 3.13
1.0 89.11 .. 1.28 104.30 4.27 83.56 5.45
1.5 99.62 1.82 101.80 1.88 68.05 3.63
2.0 98.89 3.58 g5.80 5.79 52.48 7.21
.0 302,38 . .1.31 ND . ND -
(C) SOLVENT: METHYLENE CHLORIDE
SALT RATIO 8:1 RATIO 5:5 RATIO 2:8
CONTENT
(g) % E % IRED %2 B % BSD %K% BED
o 76.22: 241 89.98 4.15 90.84 3.74
0.5 100.50 .. 2.7%5 99.80 0.56 100.20  0.97
1.0 102.70. 8,386 g95.35  1.01 898.57 1.24
1B 1901 .80°'0.28 95.4686 1.11 Q97.23  2.54
2.0 101 .80...3 .18 G227 - 0.72 23 83 .1.26
3.0 102:-26 . 0.08 ND - ND -

Triplicate analyses
ND = Not Determine
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Figure 4.8
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4.4 MICROEXTRACTION OF PAHs IN SINGLE COMPONENT SOLUTIONS

The various effects on % recovery of each PAH in the
single component solutions are studied in various solvents, i.e.,
carbon disulfiae, cyclohexane, and methylene chloride, and in the
various sample to solvent ratios, i.e., 8:1, 5:5,‘and 2:8. The
results are shown in Table 4.16-4.20 and the graphs correlated to
these results are shown in Figure 4.10-4.14. It is found that
the % recovery of each PAH in each sample to solvent ratio ranges
from 46.56-93.28 % with % RSD 0.14-5.48 % for the 1 ppm of each
PAH solution and 47.13-83.28 % with % RSD 0.00-3.81 % for 5 ppm
solution for the ratio of 8:1, from 86.83-86.11 4 with % RSD
0.22-9.13 % for 1 ppm solution and‘87.55—95196 % with ¥ RSD 0.14-
6.28 %4 for 5 ppm éolution for the ratio of 5:5 and from 81.01-
97.59 % with % RSD 0-5.05 % for 1 ppm solution and790.21—97.81 %
with % RSD 0.31-9.80 %2 for 5 ppm solution for the ratio of 2:8.
They are shown that the % recovery of the ratio of g:1 is less
than the ratios of 5:5 and 2:8, respectively. The initial
concentration of standard solutions of each PAH do not have any
effect on % recovery of each PAH significantly as can be seen
from Table 4.16-4.20. The conéentrations of each PAH in the
extracting solvents for the sample to solvent ratio of 9:1 range
" from 4.66-9.09 ppm for the initial concentration of 1 ppm of
standard solution of each PAH and from 23.57-45.14 ppm for the
snitial concentration of 5 ppm of standard solution of each PAH.
For the ratio of 5:5, the concentrations of each PAH range from
0.90-0.97 ppm for 1 ppm standard solution and from 4.47-4.85 ppm

for 5 ppm standard solution. For the ratio of 2:8, the
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concentrations of PAH range from 0.23-0.25 ppm for 1 ppm standard
solution and from 1.16-1.24 ppm for 5 ppm“étandard sblution. It
can be seen that the PAH in the éolution is concentrated about
4.66 to 8.09 fold for the ratio of 8:1, the PAH in the solution
is not concentrated in the ratio of 5:5 and it is diluted about
4 fold in the ratio of 2:8. _Thus, the concentration of each PAH
in the solution decreases as long as the sample to solvent ratio
has been decreased. Therefore, the sensitivity of each PAH for
the ratio of 9:1 is higher than the sensitivity for the ratios of

5:5 and 2:8, respectively.

In addition, the.ratio of 9:1 gives the lowest % RSD as
can be seen from Table 4;16—4.20: Theréfore,. the sample to
solvent ratio of 9:1 would give the good precision for the
analysis of these compounds and the ratio of 9:1 should be

considered as a suitsble ratio for microextraction technique.

The recovery data of each PAH in each solvent range from
46.58-97.81 ¥ with % RSD 0.00-3.81 %, from 85.48-97.58 X with
% RSD 0.31-8.80 % and from 75.73-94.14 % with % RSD 0.11-8.12 %,
for carbon disulfide, cyclohexane and methylene chloride, respec-
tively. They indicate that the microextraction using cyclohexsne
as solvent gives the higher % recovery than carbon disulfide and
methylene chloride, respectively. It can be explained that the
polarity of the solvents studied are in the following order,
methylene chloride, carbon disulfide and cyclohexane and the PAHs
also are nonpolar compounds. Therefore, cyclohexane would be

selected as the appropriate solvent for microextraction of PAHs.
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- The salting out with sodium chloride and sodium sulfate
having the effect on % recovery of the extraction of each PAH are
evaluated. The results of % recovery of each PAH in each
extracting solvent and each sample to solvent ratio which can be
seen in Table 4.16-4.20 show the higher % recovery of each PAH
with sodium sulfate than sodium chloride and ﬁonsalting out,
respectively. . The reason of this is that sodium sulfate added
into the solution results in higher ionic strength than the
sodium chloride and nonsalting out do. Therefore, sodium sulfate

seems to be the most sppropriated salt for this application.
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Table 4.16 The microextraction of acenaphthene solution

(A) 1 ppm standard solution

SOLVENT RATIO SALT CONC. Ky % E % RSD
(ppm)

CSZ g:1 NO SALT 8.103 43.19 81.03 0.44
NaCl 8.410 - 136.19 93.42 1.04

Na,SO4  8.895 816.61 98.84 0.34

5:5 NO SALT 0.9286 10.20 90.74 0.:33

NaCl 0.959 25.56 95.91 0.0

Na,SO, ~ 0.973 37.78 987.27 0.41

2:8 NO SALT 0.243 6.37 96.00 0.00

NaCl D.252 - 100.68 1.24

NaZSQ4 0.254 o= "-101.83 0.56

CYCLOHEXANE 9:1 NO SALT 8.341 70.12 88.04 5.46
NaCl 8.350 124.01 92.81 2.62

Na2804 8.455 144 .40 93.95 0.21

535 NO SALT 0.922 10.71 91.30 1.52

NaCl 0.980 52.83 88.01 1.44

Na5,S0,4 0.970 33.94 96.97 0.00

258 NO SALT 0.245 10.28 97 .55 1.159

NaCl §.250 - 10117 1.88

Na2504 0.246 15.12 98.25 0.82

CHﬁHQ 8:1 NO SALT 9.085 48 .27 80.76 0.14
NaC1l 8.870 2752.12 938.865 68.03

Na2804 8.980 8269.14 839.88 8.086

55 NO SALT B.837 9.865 89.91 1.82

NaCl 0.840 17.14 94.17 1.88

Na2504 0.857 28 .43 95.867 0.54

2:8 NO SALT 0.241 4.53 94.14 4.49

NaC1 0.240 9.25 97.18 .28

Na,S0, 0.248 37.18 89.28 2.82

Triplicate analyses ) )
= K¥ cannot be calculated due to the experimental conceptratlon
of acenaphthene is higher than its initial concentration .



(B) 5 ppm standard solution
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SOLVENT RATIO SALT CONC. Kd 2 E % RSD
(ppm) :

CSZ g:1 NO SALT 40.810 43.46 81.12 0.00

NaCl 42.000 133.88 g93.31 0.28

Na2504 44.510: 872.81 898.91 1.44

55 NO SALT 4.8630 10.16 80.74 0.28

NaCl 4.750 20.61 94.88 0.58

NaZSO4 4.810 26.80 86.20 0.60

2:8 NO SALT 1.220 6.85 96.27 2.37

NaCl 1..270 . = 7°101.36 1.05

Na2504 1.260 - 100.868 0.83

CYCLOHEXANE g9:1 NO SALT 40.490 56.08 85.48 1.386

NaCl 41.960 132.42 93.24 0.65

NaoSO,  42.277 150.58 94.01 0.56

55 NO SALT 4.8688 13.63 93.04 1:52

NaCl 4.980 57 .83 88.74 0.50

Na,S04 4.875 41.72 97.52 0.34

2:8 NO SALT 1.z211 6.82 96.25 3.3%1

NaCl 1.273 - 101.80 2.28

NagSO4 1.228 15.78 98.33 4.21

CH2012 g:1 NO SALT 45.140 48.81 80.96 D.11

NaCl 45.200 - 100.38 0.07%7

NayS0,  45.175 - 100.38 0.14

Hil NO SALT 4 .755 31.35 81.289 0.68

NaCl 4.660 14.90 93.18 0.60

NaoSO4 4.775 22.47 95.50 0.58

2:8 NO SALT 1.283 4.29 93.84 1.90

NaCl 1.188 5.23 g5.11 0.27

Na2504 1.238 27.84 99.05 4.70

. Triplicate analyses
- K(g cannot be calculated due to
o)

acenaphthene is higher than its initial concentration

the experimental concentration



Table 4.17 The microextraction of fluorene solution

(A) 1 ppm standard solution

82

SOLVENT RATIO  SALT CONC. Ry % E % RSD
(ppm)

CS, 9:1 KO SALT 8.373 51.82 83.73 0.96
NaCl 8.950 1751.48 99.45 0.34

Na,S0, 8.951 1753.29 99.48 0.55

5:5 NO SALT 0.835 11.34 91.59 0.22

NaCl 0.850 19.08 94.59 0.05

Na,S04 1.003 e 100.31 0.43

2:8 NO SALT  0.244 7.45 96.56 0.94

NaCl 0.248 31.84 98.17 0.85

NaoS04 0.258 - 103.26 0.27

CYCLOHEXANE 9:1 NO SALT 8.364 71.80 88.29 1.95
NaCl 9.100 ” 101.14 0.49

NaoSOy 8.951 1753.29 99.46 0.54

5:5 NO SALT 0.928 11.45 91.88 1.53

NaCl 1.040 - 103.97 2.20

NaoSO, 0.979 49.21 97.89 0.82

2:8 NO SALT  0.240 5.17 95.25 4.25

NaCl 0.250 " 101.27 2.02

Na S0, 0.249 56.84 99.53 4.28

CHoC1, 8:1 NOSALT 6.660 38.47 76.98 0.95
NaCl 8.890 786.20 99.87 0.06

Na SOy 8.894 804.01 98.82 0.58

5:5 NO SALT 0.834 g. %9 99.56. '1.18

NaCl 0.980 45.87 97.73 0.84

Na,S0, 0.979 49.40 97.81 - 0.81

2:8 NO SALT  0.237 3.8{  92.57 2.68

NaCl 0.250 v 100.85 1.44

Na,S0, 0.247 22.01 98.79 2.05

Triplicate analyses
cannot be calculated due to the experimental concentration

of fluorene is higher than its initial concentration
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(B) 5 ppm standard solution
SOLVENT RATIO SALT CONC. K4 Z E % RSD
(ppm)
cs2 9:1 NO SALT 41.865 . 51.82 83.73 0:17
NaCl 44 .800 2089.88 8g9.54 0.08
Na,SO; 44.590 4161.10 98.77 0.51
55 NO SALT 4.675 11.42 g1.85 0.14
NaCl 4.830 17.18 84 .23 1.88
NaZSO4 4.880 283.54 99.61 1.18
2:8 NO SALT 1.240 -11.87. 87.81 1.45
NaCl 1.243 49.72 939.46 3.22
NaZSO4 1.280 - 100.90 121
CYCLOHEXANE 9:1 NO SALT 41.750 70.79 88.13 1.89
NaCl 45.850 - 100.78 1.48
Na2804 44 .585 1027.20 89.07 1.88
55 NO SALT 4,583 ‘10.25 80.85 0.75
NaCl 4.990 602.63 98.82 8.28
Na2804 4.818 28.08 896.386 1.18
2:8 NO SALT 1.224 g9.34 g97.31 1.26
NaCl 1.28% - 100:83 3.20
Na,SO,  1.254 - 100.32  0.47
CHoCl, 9:1  NO SALT 43.550 38.48 77.45 1.01
NaCl 44 .450 B844.72 98.85 0.03
Na2804 44 .238%  5hb .11 98.30 0.44
H5:85 " NO SALT 2.T10 10.82 80.50 2.02
NaCl 4.910 80.08 898.27 0. 72
Na2804 4.938 81.58 88.71 0.57
2:8 NO SALT 12177 v W 1 g91.82 2.82
NaCl -}.243 49.72 g99.46 1.04
Na,SO4  1.263 - 101.02 8.72

Triplicate analyses

cannot be calculated due to the experimental concentration

of fluorene is higher than its initial concentration



Tsble 4.18 The microextraction of phenanthrene solution

(A) 1 ppm standard solution

SOLVENT RATIO SALT CONC. Kdv X E % RSD
(ppm) '

082 g9:1 NO SALT 8.477 56.30 84.77 0.83

NaCl 8.670 255.01 86.37 0.23

Na23Q4 8.860 8618.32 98.47 0.18

515 NO SALT 0.881 16.76 894.15 1.38

NaCl 0.8990 115.35 98.04 0.92.

NayS0, 0.955 22.54 85.51 1.79

2:8 NO SALT 0.245 8.00 96.78 0.%5

NaCl 0.251 e . 100 .40 1.41

Na2804 0.248 75.45 8938.85 1.36

CYCLOCHEXANE 9:1 NO SALT 8.581 g2.74 80.89 1.6

NaCl 8.740 328.86 97.12 3.36

NayS0y4 8.890 741.51 88.78 3.19

i 15 15 NO SALT 0.914 .71 80.48 2.81

NaCl 0.890 205.43 8998.48 4.50

Na2504 1.073 - 103.81 1.43

2:8 NO SALT 0.234 o TS ) 92.86 3.49

NaCl } 0:250 - 100.27 0.68%

NayS04 0.249 105.44 99.75 0.25

CH2012 g:1 NO SALT 8.720 38.686 97T .52 2.82

NaCl 9.340 - 1608 .37 0.08

Na,S0,  9.352 - '1b8.9y | 0.97

Hb NO SALT 0.820 8113 88.25 9.12

NaCl 1.020 - 101.66 1.82

NaoS0, 1.037 - 103.68 2.41

728 NO SALT 0.232 2.58 90.47 2.92

NaCl 0.240 6.72 86.15 1.85

NayS0,4 0.246 15.63 98.31 3.18

Triplicate analyses

- K% cannot be calculated due to the experimental concentration
of phenanthrene is higher than its initial concentration
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iB) 5 ppm standard solution
SOLVENT RATIO SALT CONC. Kq . %z E % RSD
(ppm)
CSq g:1 NO SALT 42.275 56.20 84.75 0.28
NaCl 43.300 247.74 896.27 0.07
Na2304 44 .335 641.18 98.52 Q.10
5:9 NO SALT 4.770 14.8%7 83.46¢ 3.73
NaCl 4.930 71.:.36 98.45 0.51
Na2304 4.7380 24 .08 85.78 4.61
28 NO SALT 1.220 7.28 96.47 3.02
NaCl 1.250 44 .53 88.40 1.87
Na2304 1.270 .- 101.47 3.84
CYCLOHEXANE S:1 NO SALT 43.707 113.71 92.27 143
NsCl 44 .380 698.55 98.63 0.56
Na2804 44 .380 632.28 98.57 0.65
§5:5 NO SALT 4.800 10.43 81.08 3.88
NaCl 5.070 - 101.39 0.81
Na2804 5.114 - 102:27 2.59
2:8  NO SALT 1160 3.08 92.26 9.80
NaCl 1.260 - 100.77 0.91
Na2504 1.268 - 101.41 0.85
CH2012 9:1 NO SALT 41.815 36.64 v8.11 1.60
NaCl 48.850 - 100.38 0.22
NaZSO4 47.155 - 104.78 38.36
525 NO SALT 4.5%97 7.81 87.87 6.28
NaCl . 4.820 67 .38 98.45 1.84
Na2504 4.855 35.5% 97.11 0.85
2:8 NO SALT 1.156 v 268 890.21 Z.54
NaCl 1.210 7.65 g96.61 0.32
Na2SO4 1.280 - 100.77 2.20

Triplicate analyses

3

cannot be calculated due to t
phenanthrene is. higher than its initial concentration

he experimental concentration
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Table 4.19 The microextraction of fluoranthene solution

(A) 1 ppm standard solution

SOLVENT RATIO  SALT CONC. Ky % E % RSD
(ppm)

€S, 9:1 NO SALT 7.319 27.80 73.19 0.87
NaCl 7.550 50.07 83.91 8.68

Na,SO4 8.807 210.49 95.64 1.98

5:5 NO SALT 0.840 12.20 92.14 0.51

NaCl 0.990 4165.97 99.87 0.78

Na,SO4 0.985 619.34 98.47 0.18

2:8 “NO SALT 0.241 5.08 85.03 1.54

NaCl 0.248 148.81 99.82 3.82

Na,SO4 0.254 - 101.78 3.03

CYCLOHEXANE 9:1 NO SALT 8.333 70.04 88.03 2.11
NaCl 8.000 = 100.00 0.54

Na,S04 8.998 36028.5 99.97 0.88

5:5 NO SALT 0.816 - 8.90 90.65 1.80

NaCl 0.950 21.45 95.28 5.84

Na,S04 0.957 23.486 95.88 6.20

2:8 NO SALT 0.235 3.68 93.45 1.52

NaCl §.240 - 15.02  $8.84 . 1.42

Na,S04 0.247 19.12 68.81 §.58

CH,C1, 9:1 ©NO SALT 8.983 45.58 78.85 0.82
NaCl 9.077 i 100.86 0.49

Na,S04 g.140 - 101.55 2.48

5:5 NO SALT 0.833 g.31 ..87.56 3.82

NaCl 0.870 '38.27 ©7.30 @ 3.186

Na,S04 0.882  27.05 @ $6.23 2.05

2:8 NO saLT 0.237 3.38 92.30 2.10

NaCl 0.245 58.34 99.52 1.80

Na S0, 0.251 - 100.29 3.50

Triplicate analyses ) :
- cannot be calculated due to the experimental concegtratlon
of fluoranthene is higher than its initial concentration
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(B) 5 ppm standérd solution

SOLVENT RATIO SALT CONC. Ry %2 E % RSD
(ppm)

csz g9:1 NO SALT 38.810 27 .85 T3.22 0.72
NaCl 37.800 50.52 84 .03 1.60

Na2304 43.145 223.26 85.88 0.87

5.5 NO SALT 4.710 12.53 82.33 0.88

NaCl 5.010 - 100.10 0.386

Na5,S04 4.826 641.20 98.52 0.10

2:8 NO SALT 1.225 8.01 896.984 2.75

NaCl 1:220 11.24- 87.66 0.98

Nazso4 1.290 - 103.25 0.88

CYCLOHEXANE 8:1 NO SALT 41.240 64.10 87.086 v |
NaCl 47 .000 - 104 .40 0.18

Na2804 486.950 - 104.34 0.31

525 NO SALT 4 .604 18 .51 91.15 1.83

NaCl 4.800 26 .05 86.08 1.48

Na2804 4.7868 21.82 85.38 0.86

2:8 NO SALT 1.182 o o b 82.35 3.13

NaCl 1.280 - 102 .22 3.03

Nazso4 1.254 - ~100.29 0.82

CHZCIZ 9:1 NO SALT 44.870 45 .34 79 7% 2:82
NaCl 45,345 - 100.77 018

Na2504 45.650 - 101.46 % =74

5:5 NO SALT 4.605 8.28 88.42 173

NaCl 4.780 23.83 895.74 0.83

Na2304 4.783 21.34 895.27 3.51

2:8 NO SALT 1.9%9 3.84 81.98 Z2.11

NaCl 1.210 16.74 898.42 4,886

Na2504 1.227 14 .41 98.17 .78

Triplicate analyses
= cannot be calculated due to the experimental concentration
of fluoranthene is higher than its initial concentration
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Tsble 4.20 The microextrasction of pyrene solution

(A) 1 ppm standard solution

SOLVENT RATIO SALT CONC. Ky - % E % RSD
(ppm)

cs, 9:1 NO SALT 4.658  8.80 46.58 0.80
NaCl 8.910 954.55 99.00 0.08

Na,SO, 8.918 1041.86 99.08 0.10

5:5 NO SALT 0.885  7.44 87.73 0.45

NaCl 1.000 - 100.03  0.60

Na,SO, 0.987 80.25 98.72 0.33

2:8 NO SALT 0.230  2.68 91.01 1.83

NaCl 0.249 124.75 99.79  3.28

NajSO,  0.247 24.71 98.82  2.37

CYCLOHEXANE 9:1 NO SALT 8.837 132.20 93.28 1.08
NaCl 9.020 - 100.26  1.20

Na,S0,  9.000 - 100.00 3.58

5:5 NO SALT 0.971 25.18 96.11 3.94

NaCl 0.890 131.77 99.20 4.71

Na,S0,  1.050 - '105.01 3.89

2:8 NO SALT 0.246 10.45 97.58 5.05

NaCl 0,248 . 10.17 . '97. 48 - 2.8

Na,80,  0.252 - 100.61 3.85

CH,C1,, 9:1 NO SALT 8.559 36.57 76.08 1.78
NaCl 9.030 - . 100.88 0 .87

Na,S0,  9.168 <y 101008 9,18

5:5 NOSALT 0.906 7.24 86.98 0.81

NaCl 0.960 25.96 96.08 3.28

Na,50,  0.875 40.60 97.46 0.54

2:8 NOSALT 0.239  3.92 93.28 1.03

NaCl 0.250 ©17.25 98.47 1.78

Ne,S0,  0.247 22.01 98.79  2.05

Triplicate analyses
- K¥ cannot be calculated due to the experimental concentration
of pyrene is higher than its initial concentration



(B) 5 ppm standard solution

89

SOLVENT RATIO SALT CONC. Kq % E % RSD
(ppm)

CSo 9:1 NO SALT 23.585 9.02 47.13 3.91
NaCl 44 .800 1041.88 99.09 0.12

Na,S0, 44.795 2085.33 89.54 2.54

5:5 NO SALT 4.485 7.32 87.55 1.05

NaCl 5.050 - 100.90 1.40

Na,S0,4 4.910 87.75 88.23 1.21

2:8  NO SALT 1.155 2.72 91.08 3.68

NaCl 1.250 . - . 100.08 2.10

Na,S04 1.245 124.75 89.78 1.83

CYCLOHEXANE 9:1 NO SALT 44.185 132.20 93.28 0.60
NaC1l 45.200 - 100.48 4.32

Na,SO,  45.880 - 101.86 2.81

5:5 NO SALT 4.848 .24.22 95.98 1.01

NaCl 4.990 921.44 99.89 0.48

NaoS0, 5.218 - 104.32 . 4.27

2:8 NO SALT 1.210 B8.41 86.13 2.82

NaCl 1.230 15.90 98.34 1.52

Na,S0y 1.288 - 101.45 3.13

CH,Clo g:1 NO SALT 42.800 35.89 75.73 1.28
NaCl 45.300 - 100.90 2.08

Na-,SO,  46.280 - 102.85 4.18

5:6§ WO SALT 4.687 8.74 89.99 4.14

NaCl 4.840 30.85 86.77 1.85

Na,S0, 4.980 534.00 89.80 0.56

2:8 NO SALT 1.168 2.83 80.95 3.78

NaCl 1.240 28.30 89.08 0.58

Na,S0, 1.283 - 101.02 0.72

Triplicate analyses

- K% cannot be calculated due to the experimental concentration
o pyrene is higher than its initial concentration
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4.5 MICROEXTRACTION OF PAHs IN MIXTURE SOLUTIONS

The various effects on % recovery of each PAH in the
mixture solutions are studied in various solvents, 1.e.; cafbon
disulfide, cyclohexane, and methylene chloride, and in various
sample to solvent ratios, i.e., 9:1, 5:5, and 2:8. The results
are shown in Table 4.21-4.25 and the graphs correlated to these
results are shown in Figure 4.15-4.18. It is found that the
% recovery for the ratio of 9:1 is less than the ratios of 5:5
and 2:8, respectively. The % recovery of each PAH of 1 ppm
solution is higher than % recovery of 5 ppm solution. However,
the PAH in the solution is concentrated about 2.78 to 8.84 fold
for the ratio of 9:1, the PAH solution is not concentrated in thé
ratio of 5:5 and it is diluted sbout 4 fold in the ratio 2:8.
Thus, the concentration of each PAH decreases as long as the
sample to solvent ratio has been decreased. Therefore, the
sensitivity of each PAH for the ratio of 9:1 is higher than the

sensitivity for ratios of 5:5 and 2:8, respectively.

In addition, the ratio of 9:1 gives the lowest ¥ RSD.
Therefore, 9:1 ratio would gives the good precision for the
analysis of these compounds and 9:1 ratio should be considered

as a suitable ratio for microextraction technique.
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Table 4.21 The microextraction of acenaphthene in mixture solution

(&) 1 ppm standard solution

SOLVENT RATIO SALT CONC. i 7 % E % RSD
(ppm) .
Cs, 9:1 NO SALT 7.518 38.70 80.85 0.57
NaCl g.301 - 103.34 0.48
Na,SOy4 g.440 - 104.88 0.42
5:5 NO SALT 0.864 21.51 95.47 1.61
NaCl 0.965 29.40 96.80 0.54
NaoS0y4 0.872 368.73 87.20 0.81
2:8 NO SALT 0.243 6.37 96.53 1.41
NaCl 0.253 - 101.08 1.28
NayS0y4 0.248 62.78 89.57 2.98
CYCLOHEXANE 9:1 NO SALT. 8.338 69.87 88.01 1.31
' NaCl 8.871 252.88 96.34 0.23
NaySO4 8.580 186.01 95.33 0.84
5:5 NO SALT 1.202 - 101.50 0.81
: NaCl 1.817 - 101.70 0.40
Na,S04 1.030 - 103.01 0.45
2:8 NO SALT
NaCl
Na2504
CH,Cl, g:1 NO SALT  9.147 50.03 81.31 0.87
NaCl g9.080 - 101.00 2.82
Na,SO, 9.000 e 100.00 1.00
5:5  NO SALT 0.926 11.21 81.66 4.18
NaCl g.982 128,18 g9g.78 0.78
NayS0y4 1.005 - 100.50 3.07
2:8 NO SALT
NaCl
N8.2304

Triplicate analyses L
- K? cannot be calculated due to the experimental concentration
of acenaphthene is higher than jts initial concentration
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MI1B
(B) 5 ppm standard solution

SOLVENT RATIO SALT CONC . Ry % E %4 RSD
(ppm) . '

CS, - 9:1 NO SALT 38.15 32.57 76.31 1.87
NaCl 43.85 312.82 897.02 1.41

NayS0y, 45.50 - 10111 - U.27

5:5 NO SALT 4.83 23.18 85.78 1.18

NaCl 4.81 83.48 88.38 0.88

Na2804 4.90 52.08 38.01 0.29

2:8 NO SALT 1.2 6.60 896.24 0. 67

NaCl 1.23 - 22.72 98.83 D.78

NayS0, 1.23 23.98° 98.89 0.81

CYCLOHEXANE 89:1 NO SALT 41.35 65.46 871.30 1.41
NaCl 41.79 125.28 892.88 1.85

Na,S04 42.33 152.42 84.07 0.13

5D NO SALT 4.88 30.49 86.78 120

NaCl 4.92 65.17 88.40 1.47

NaZSO4 4 .98 304.66 899.865 1.53

2:8 NO SALT 1.24 1837 97.57 1.16

NaCl 1.23 16.94 98.44 1.14

Na2504 1.24-174 .87 89.85 2.92

CHZCIZH g:1 NO SALT 40.00 48.91 80.96 8.5l
NaCl 45.%8 - 101 .70 0.89

Na5S0, 45.78 . - 101.70 0.51

55 NO SALT 4 .53 8.95 89.76 2.80

NaCl 5.83 - 180 .58 0.869

Na,S0y4 5.14 - 102.92 1.16

248 . RO-SALT 1.18 3.58 g92.70 130

NaCl 1.18 8.36 85.84 0.48

Na2804 1208 5.85 95.61 D13

Triplicate analyses
- K? cannot be calculated due to the experimental concentration
of acenaphthene is higher than its initial concentration



Table 4.22 The microextrasction of fluorene in mixture solution

(A) 1 ppm standard solution

88

E

SOLVENT RATIO  SALT CONC. T % % RSD
(ppm)
cs, 9:1 NOSALT 8.857 78.35 88.57 0.45
NaC1l 8.762 352.17 97.35 0.34
Na,SOy 8.878 700.87 98.85 0.17
5:5 NO SALT 0.868 23.54 95.85 1.58
NaCl 0.985 B£8.48 98.48 1.18
Na,S0, 0.986 73.57 98.58 0.54
2:8 NO SALT  0.245 8.11 97.25 0.87
NaCl 0.252 - 400,98 o % 88
Na,S0, 0.245 13.42 98.08 1.00
CYCLOHEXANE S:1  NO SALT 8.017 52.43 84.82 1.31
NaCl 9.374 " 101.15 0.35
Na,SO, 9.343 - 103.81 0.37
5:5 NO SALT 0.995 66.52 98.49 0.47
- NaC1l 0.995 204.51 99.48 0.23
Na,S0, 1.013 2 101.29 0.79
2:8 NO SALT
NaCl
CH,C1, 9:1 NO SALT 8.812 41.56 78.33 0.48
NaCl 8.672 254.05 96.38 2.72
Na,S0, 8.707 285.40 98.75 0.24
5:5 NO SALT  0.891 7.86 88.25 2.68
NaC1l 0.884 83.31 98.35 2.37
Na,S0, 0.983 50.58 88B.25 2.17
2:8 NO SALT
NaCl
N8.2304

Triplicate analyses

- cannot be calculated due to the experimental concentration

of fluorene is higher than its initial concentration



5 ppm standard solution

838

(B)
SOLVENT' RATIO SALT CONC. K4 Z E % -BRSD
(ppm) -
CSZ g9:1 NO SALT 34.762 22.23 89.52 2.02
NaCl 42 .7720...179.82 94 .83 1:28
NayS0,  45.300 - 100.72  0.42
515 NO SALT 4,837 44 .57 87.76 0.84
NaCl 5.028 - 898.07 3.970
Na2504 5.002 - 89.32 0.85
2.8 NO SALT 1.232 12 .43 97.83 1.59
NaCl 1:249 400.48. 99.83 0.07
NaoSO,  1.222 11.75 97.76 0.58
CYCLOHEXANE 9:1 NO SALT 37.874 38.51 80.17 T.a1
NaCl 43.822 357.24 97.38 1.43
Na2504 44 .392 1700.45 98.65 0.%28
525 NO SALT 4.937 44 .57 97.786 0.84
NaCl 4.804 53.986 98.07 108
Naﬁxh 4.966 154.84 98.32 0.85
2:8 NO SALT ¥.2318 7.80 96.80 0.96
NaCl 1.222 11.60 97.73 .78
Na2504 1:247  1082.%73 98.74 3.70
CHZCIZ g9:1 ND. SALT 35.857 20.22 83.75 D.53
NaCl 43.086 216.10 95 .1 b.94
Najxh 43.148 223.81 85.89 1 B7
55 NO SALT 4.638 33,97 91.83 1;%%
NaCl 4.802 53. 01 98.01 1.34
Na2804 4.864 37.8% 97.28 1.43
2:8 NO SALT 12238 7.14 96.20 1.80
NaCl 1.2868 - 101 .45 1.47
Na2504 1.254 - 100.385 0.24

Triplicate analyses .
cannot be calculated due to the experimental concentration

i

fluorene is higher than its initial concentration
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Table 4.23 The microextraction of phenanthrene in mixture solution

(A) 1 ppm standard solution

SOLVENT RATIO SALT CONC. K4 % E % RSD
(ppm)
CSo g:1 Nb SALT 8.088 56.05 85.47 Z.28
NaCl 8.539 177.78B 94 .88 .51
Na2304 8.808 434.68 97.84 085
525 NO SALT 0.9863 21.02 95.37 1.54
NaCl 1.024 - 102.38 0.47
N82804 0.988 88.06 g98.81 B 0
2:8 NO SALT 0.244 8.%0 97.12 1:92
NaCl 0.253 - 101.00 2.13
Na2304 0:253 - 101.18 3.:22
CYCLOHEXANE 9:1 NO SALT 8.646 99.55 81..27 0.48
NaCl 9.039 - 100.43 0.65
Na,SO;  9.084 -  100.83 0.83
5:5 NO SALT 0.979 31.89 896.90 1.04
NaCl 0.997 :322.53 99.67 113
Na2904 1.008 - 100.87 1.6%
2:8 NO SALT
NaCl
N8.2504
CHZClZ 9:.1 NO SALT 9.102 145.63 80.91 0.73
NaCl 8.881 785.37 898.79 o 2
NaoSOy  9.080 -  100.86 2.05
845 NO SALT 0.876 7.53 88.07 6.41
NaCl 0.998 708.43 99.85 .87
NSO,  1.003 U A00ES 24T
2.8 NO SALT
NaCl
N8.2804

Triplicate analyses

- K¥ cannot be calculated due to the experimental concentration
o)

phenanthrene is higher than its initial concentration



101

(B) 5 ppm standard solution

SOLVENT  RATIO SALT  CONC. Xq % E % RSD
; (ppm) ’

cs, g:1 NOSALT 26.074 11.02 52.15  2.47
NaCl  42.457 160.30 94.35 1.07

NegSO,  45.504 -  101.11 0.81

5:5 NOSALT  4.828 22.27 95.62 2.00

NaCl 4.894 49.00 97.88 0.84

Ne,SO;  4.879 42.85 97.75 0.48

2:8 NOSALT 1.215  7.28 96.58 1.85

NaCl 1.243 46.48. 99.43 1.01

Ne,SO,  1.225 13.21 ~ 98.01 0.88

CYCLOHEXANE ©:1 NO SALT 41.718 69.84 88.01 1.32
NeCl .~ 45.718 - - 101.80 1.12

Ne,SO, 46.238 -  102.75 0.26

5:5 ©NOSALT 4.798 19.45 95.01 0.76

: NaCl 4.973 192.85 99.45 1.18

NaoSO;  4.881 282.03 99.863 0.70

2:8 NOSALT 1.262 -  100.34 0.49

NaCl 1,278 .~ . 302.28  0.88

NeaBO, . 1.288 . - . 309.85 . 0.87

CH.C, g9:1 NOSALT 30.338 13.46 53.93 3.62
NeCl  43.932 394.71 97.63 0.88

NeoSO,  44.458 787.33 98.80 0.98

5:5 MNOSALT 4.487 8.13 88.8¢ 4.01

NaCl 03 -. B0 AY <.88

NeS0, ' 4,826 72.57  98.56 1.02

gig . MISALT 3181 7 .3.71,,.82.93 0 1.34

NaCl % 3.245 ~ 48.38  90.45 B.81

Na,S0;,  1.243 207.71 99.87 0.86

Triplicate analyses :
N K? cannot be calculated due to the experimental conceqtratlon
of phenanthrene is higher than its initial concentration
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Table 4.24 The microextraction of fluoranthene in mixture solution

(A) 1 ppm standard solution

SOLVENT RATIO  SALT CONC. K4 %2 E % RSD
(ppm)
CSg 9:1 NO SALT  6.444 20.27 68.03 1.24
NaCl 8.187 96.86 980.87 2.82
NaoS04 8.696 274.42 96.82 0.38
5:5 NO SALT 0.931 12.04 9219 5.728
NaCl 1.057 - 105.70°  3.48
Na,S0, 1.008 - 100.80 4.00
2:8 NO SALT 0,234 3.37 92.89 2.51
NaCl 0.252 - 100.87 2.58
Na,S0, 0.252 - 100.87 2.00
CYCLOHEXANE 9:1 NO SALT 8.272 85.57 87.31 2.81
NaCl 8.884 738.12 98.71 1.53
Na,yS04 8.945 1557.14 99.39 1 .87
5:5 NO SALT 0.9868 42.39 97.85 2.04
NaCl 1.002 - 100.18 3.24
Na,S04 1.010 - 101.04 1.689
2:8  NO SALT
NaCl
N8.2504
CH2012 9:1 NO SALT 8.613 37.55 76.56 0.80
NaCl 8.867 641.18 98.52 0.41
NayS04 g.118 - 101.28 1.39
5:5 NO SALT 0.888 7.0 . B7.8%. . §.24
NaCl 0.988 32.07 @B.82 2.88
Na,S0, G878 '88.20 97.31  8.18
2:8 NO SALT
NaCl
N8.2304

Triplicate analyses

- K? cannot be calculated due to the experimental concentration
o

fluoranthene is higher than its initial concentration
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(B) 5 ppm standard solution

SOLVENT RATIO SALT CONC. Ky - % E Z RSD
(ppm)

CSZ 9:1 NO SALT - 21.620 7.70 43.24 2.73
NaCl 40.894 85.61 80.87 0.78
NayS0,  44.016 429.55 97.81 0.61
5:5 NO SALT 4.8676 12.74 g92.58 2.58
NaCl 85.213 - 104.28 0.66
Na2504 5.1986 - 103.82 1.24
2:8 NO SALT 1.2086 ~6.03 95.90 5 .801
NaCl 1.279 - 102.29 1.08
NaoS04 1.266 - 101.27 0.93
CYCLOHEXANE Q:1 NO SALT 38.873 44 .22 82.28 3 . 31
NaCl 46.054 - 102.34 0.951
' NaySO,  46.383 - 103.02  0.57
5:5 NO SALT 4.874 2817 96.51 1..85
NaCl 4.926 70.74 88.52 0.98
Na2504 4.882 48 .82 97 .64 0.92

s NO SALT

NaCl

N8.2304
CH2012_ g1 NO SALT 24.509 8.88 4£3.57 3.92
NaCl 45,880 - 101.98 1 .48
Na2504 44 .840+2715 .22 89.88 0.58
5:5 NO SALT 4.477 7.98 88.864 4.18
NaCl 4.818 28.286 96.38 3.88
NasS0,4 4.785 23.60 95.70 3.04

2:8 NO SALT
NaCl
N32504

Triplicate analyses S
- cannot be calculated due to the experimental conceqtratlon
of fluoranthene is higher than its initial concentration



Table 4.25 The microextraction of pyrene in mixture éolution

(A) 1 ppm standard solution

SOLVENT RATIO SALT  CONC, 5. . %8B % RSD
(ppm)

e g:1 NOSALT 4.130  7.11 41.30 2.53
NaCl 8.623 219.33 95.81 0.48
NaySO;  9.041 - 100.45 0.44
5:5 NOSALT 0.949 15.98 94.00 5.84
NaCl 0.996 263.94 99.60 6.43
Na,S0,  0.999 879.93 99.88  2.72
2:8 HNOSALT ©.227 2.35. 80.12 5.12
NaCl 0280w 10879 1.6¢
NaySOy  0.255 - 101.81 B.78
CYCLOHEXANE 9:1 NO SALT  8.817 127.80 93.08 1.99
' NaCl 8.951 1758.41 99.45 1.18
Na,SO;  8.892 792.15 98.81 1.17
-5:5 NOSALT 1.028 --  101.75 1.94
NaCl 0.985 69.82 98.51 4.78
NaySOy ~ 1.017 - 188,70 8.4

2:8  NO SALT

NaCl

N8.2504
CH,C1,, 9:1 NOSALT 7.773 25.71 69.08 4.88
NaCl 9. 740 322,71 .97.11 0.W
Na,SO,  9.151 S 8T DAY
5:5 WNDSALT 0.857 - 6.37 88.19. 6.08
NaCl 0.971 85.18 97.08 8.12
Na,SO,  0.995 215.67 99.51 3.05

2:8 NO SALT

NeCl
Na2504

Triplicate analyses

- K? cannot be calculated due to the experimental concentration
of pyrene is higher than its initial concentration
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(B) 5 ppm standard solution

SOLVENT RATIO SALT CONC. Kd Z E %4 RSD
(ppm) '

CSo 8:1 NO SALT 13.888 3.88 %7.7%8 .32

NaCl 43.330 248.70 86.30 .98

Na2304 46.827 - 103.61 g4

5:5 NO SALT 4.7868 17.24 84 .41
NaCl 4.838 85.74 88.78
Na,S04 4.928 73.00 88.57

2:8 NO SALT 1.117 2.04 88.79
NaCl 1.258 i L

ook OO ook ooN ooN
(¢}
(o2}

Na,SO,  1.249 391.45 99.83 74
CYCLOHEXANE 9:1 NO SALT 44.659 157.02 94.28 1.82
NeCl . 45.780 - a3 73 0.8
Na,SO,  46.039 - 102.31 0.38
5:5 NOSALT  5.046 1169.41 99.91  4.02
NaCl 5.057 - 101.13 79
Na,SO,  4.998 2751.85 99.96 80
2:8  NO SALT
NaCl
N8.2504
CH,C1, 9:1 NO SALT 30.523 13.64 54.26 2.98
NsCl 46.330 - 102.95 0.58
Ne,SO, 44.788 2029.88 99.53 3.66
5:5  BOSMY 4511 - 8.55 ‘8.8 259
NaCl 4.947 98.39 98.83 4.51
Na,SO,  5.089 - 101.98 2.07
2:8  NO SALT
NaCl
N8.2304

Triplicate analyses
- K% cannot be calculated due to the experimental concentration
of pyrene is higher than its initial concentration
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1 ppm STANDARD SOLUTION
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1 ppm STANDARD SOLUT1ON
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1 ppm STANDARD SOLUTION
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The recoveries data of each PAH in each sdivent are shown
in Table 4.21-4.25. They are indicated that the microextraction
~using cyclohexane as solvent give the higher % recovery than
carbon disulfide and methylene chloride. Therefore, cyclohexane

would be selected as the appropriate solvent for microextraction

of PAHs.

The salting out with sodium chloride and sodium sulfate
having the effect on % recovery of the extraction of each PAH are
evaluated. The results of % recovery of each PAH in eéch extract-
ing solvent and each sample to solvent ratio Vhich.can be seen
in Table 4.21-4.25 show the hiéher 4 reéovery.of each PAH with
sodium sulfate than sodium chloride and nonsalting out, respec-
tively. The reason of this is that sodium sulfate added into
the solution results in the higher ionic strength than the sodium
chloride and nonsalting out do. Therefore, sodium sulfate seems

to be the most suitable salt for this microextraction technigue.

According to % recoveries show in Table 4.16-4.25, the
% recovery of each PAH in the éingle component solutions range
from 47.13-104.40 % with % RSD 0.00-8.72 % and % recovery of each
PAH in the mixture solutions range from 27.79-105.70 % with ¥ RSD
0.11-9.24 2. It can be seen that the X recovery of each PAH in
the single component solutions are higher than mixture solutions.
This means that other compounds which are in the solution have

the effect on % recovery of each PAH.
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4.6 THE MINIMUM DETECTABLE LEVEL (MDL) OF PAHs

The minimum detectable level is defined as amount of the
component which give a detector response equal to twice the
average noise level (48). The miminum detectable level of each
PAH is determined by injecting standard PAH withAa concentration
varied from 20 ppb to 2 ppm into the GC. The minimum detectable
level of each PAH in single component solutions and in mixture

solutions are presented in Tsble 4.26 and Table 4.27.

They are found that the detection limit of each PAH in
carbon disulfide are lower than in cyclohexane and methylene
chloride. Carbon disulfide does not give any response to FID,
thus, more than 1 ul of carbon disulfide can be injected into GC.
Since, only 1 uL of cyclohexane and methylene chloride can be
injected to GC and they cannot be injected more than 1 ul due to
the resolution of solvent pesk and the first péak of the

interested compound.

The minimum detectable level of each PAH in the mixture
solutions are limited by the baseline drift when the temperature
programme is used. Then, the.minimum detectable level for single

component solutions are lower than mixture solutions.



113

Table 4.26 The minimum detectable level of PAHs in various

solvents

MINIMUM DETECTABLE LEVEL (ppm)

STANDARD ‘

CS, CH,Cl, CYCLOHEXANE
ACENAPHTHENE  0.05 0.10 0.10
FLUORENE 0.06 0.12 0.12
PHENANTHRENE  0.07 0.14 0.14
FLUORANTHENE 0.15 0.30 0.30
PYRENE 0.15 0.30 0.30

Teble 4.27 The minimum detectsble level of PAHs mixture in

various solvents

MINIMUM DETECTABLE LEVEL (ppm)

STANDARD

CS, CHoCly CYCLOHEXARE
ACENAPHTHENE 0.05 0.350 0.50
FLUORENE 0.06 0.60 0.60
PHENANTHRENE 0.07 0.70 0.70
FLUORANTHENE 0.15 1.50 1.50
PYRENE 0.15 1.580 1.50

Triplicate analyses
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4.7 THE ACCURACY OF MICROEXTRACTION METHOD

The microextraction with carbon disulfide ;in the sample
to solvent ratio of 9:1 and salting out with sodium sulfate are
selected as suitable conbination for analysis of PAHs. Carbon
_disulfide is found to be a most desirable solvent for the
extraction of PAHs because it does not give any response to FID,
then the volume of the extract injected into GC can be increased.
The accurscy of microextraction is evaluated by comparing the
results of concentration of each PAH obtained from the analysis
with the true concentration of each PAH in synthetic unknown
mixture solutions. The unknowns are prepared in methanol. It
was diluted with distilled water and then it was analyzed by the
microextraction procedure as decribed in section 3.4.4. The
results of the concentration of each PAH and % error are shown in

Table 4.28.

It is found that this microextraction technique gives the
high precision and high accuracy. Thus, this microextraction
technique should be considered as g availsble method for the

determination of PAHs in water sample.
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Table 4.28 The results of the analysis of synthetic unknown

solutions

CONCENTRATION(ppm)
STANDARD % ERROR
TRUE EXPERIMENT

ACENAPHTHENE
NO.1 8.63 8.64 0.12
NO.2 4.62 4.63 0.22
FLUORENE
NO.1 4.86 4.87 0.21
NO.2 6.62 6.59 0.45
PHENANTHRENE ,
NO.1 7.589 7.72 1.92
NO.2 IRy 8.18 0.24
FLUORANTHENE
NO.1 5.11 5.15 0.78
NO.2 8.89 8.95 0.68
PYRENE |
NO.1 3.12 3.16 1.28
NO.2 4.33  4.39 1.34

Triplicate analyses
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4.8 THE DETERMINATION OF PAHs IN REAL WATER SAMPLES.

Three water samples collected from various sites were
analyzed by microextraction procedure which is the same as
described in section 4.7 and GC equipped with FID. The gas
chromatograms are shown in Figure 4.20-4.22. The unknown peak is
jdentified by means of absolute retention time method. The
retention times of the peaks obtained from the injecting of
extracts into the two different columns, i.e., a 2 m x 3/8" 0.D.
stainless steel column packed with 5 % OV-17 on chromosorb
WAW/DMCS 80-80 mesh and another column, a 6°x 1/8" I.D. stainless
steel column packed with 10 % FFAP on chromosorb WAW/DHCS 60-80
mesh sare the same as phenanthrene compound as can be seen in
Figure 4.23. Therefore, it seems to be that phenanthrene is
present in the water sample. Then, the identified compound in the
water samplé which is phenanthrene is qﬁantified by the internal
standard method and the result of concentration of phenanthrene

is 65 ppb.
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Figure 4.20 Gas chromatogram of a real sample!

Conditions: column, 1 min hold at 185°C then
programmed at a rate 4 %/min to 240 °C and

hold until the last peak eluted; injector and FID,
350 °C; N, carrier gas, 30 mL/min; sample size,

1 uL; detector range, xlOl; attenuation, 5;

chart speed, 5 mm/min

'collected from Sam Lae Station
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. Figure 4.21 Gas chromatogram of a real sample?

Conditions: column, 1 min hold at 185°C then
programmed at a rate 4 %C/min to 240 °C and
hold until the last peak eluted; injector and
FID, 350 °C; N2 carrier gas, 30 mL/min; sample
size, 1 ul; detector range, xlOl; attenuation,

5; chart speed, 5 mm/min

2collected from Bangkok Noi Station

118
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(&)

11:832

APHTHALENE

11757

PHENANTHRENE

Figure 4.22 Gas chromatograms of blank solution (A) and é real
sample® (B) in CSgy
Conditions: column, 1 min hold at 185°C then programmed
at a rate 4 °C/min to 240 °C until the last peak eluted;
injector and FID, 350 °C; N, carrier gas, 30 mL/min;
sample size, 1 ul; detector range, xlDl;

attenuation, 5; chart speed, 5 mm/min

3collected from Samsen Station
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Figure 4.23 Gas chromatograms of di-tert butylnaphthalene (A),
phenanthrene (B) and a real sample® (C)
Conditions: column, 10% FFAP, 200 °C; injector and
FID, 350 °C; N, carrier gas, 30 mlL/min; sample
size, 1 ul; detector range, x10°; attenuation, 5;

chart speed, 3 mm/min

3npllected from Samsen Station
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