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Abstract: The HS/GC/MS method was performed to analyze the volatile organic compounds in waste sludge
samples. This study was performed to establish the fundamental data by studying the effects of salt, equilibrium
temperature and time in the volatile organic compounds analysis. The presence of salts have been found to
increase the sensitivity. The peak area is increased from 1.07 to 2.61 times by adding the salts to the water sample,
compared with a salt free sample, The recoveries of target compounds have found between 90% and 127% at
sample temperature of 85°C for 30 min. This HS/GC/MS methed can be applied to analyze the volatile organic
compoeunds and organohalo compounds in the environmental matrix.
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Table 1. Peaks identification and MDL using HS/GC/MS(EI, full scan mode)

Peak No. Compound Name Retention time(min}) Ouant. lon Cas No.

1 Trichlorfluoromethane 5.03 101 75-69-4

2 1,1-Dichloroethene 5.89 96 75-34-3

3 Methylene Chloride 6.15 84 75-00-2

4 trans-1,2-Dichloroethene 7.52 9% 156-60-5
5 1,1-Dichleromethane 8.10 63 75-34-3

13 cis-1,2-Dichlorocthene 3.66 96 156-59-2
7 Bromochloromethane 10.13 128 7497-5

8 Chloroform 10.34 83 67-66-3

9 2,2-Dichloropropane 10.56 77 594-20-7
10 1,2-Dichloroethane 1249 62 107-06-2
1 1,1,1-Trichlorocthane i279 97 71-55-6
12 1,1-Dichloropropene 13.50 75 563-58-6
13 Carbon Tetrachloride 1402 117 56-23-5
14 Benzene 14.21 78 71-43-2
15 Dibromomethane 16.15 93 74-95-3
16 1,2-Dichloropropane 16.37 63 78-87-5
17 Trichloroethene 16.56 95 79-01-6
13 Bromodichloromethane 16.69 83 75274
19 cis-1,3-Dichloropropene 19.18 75 10061-01-5
20 trans-1,3-Dichloropropene 2085 75 10061-02-6
21 1,1,2-Trichloroethane 21.28 83 79-00-5
22 Toluene 2199 92 108-88-3
23 1,3-Dichloropropane 22.18 76 142-28-9
24 Dibromochloromethane 22.94 129 124-48-1
25 1,2-Dibromomethane 23.79 107 74953
26 Tetrachloroethene 24.55 166 127-184
27 1,1,1 2-Tetrachloroethane 26.77 131 630-20-6
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Table 1. Continued

Peak No. Compound Name Retention time{min) Quant. Ton Cas No.

23 Chlorobenzene 27.03 112 108-90-7

29 Ethyl Benzene 27.94 91 100-41-4

30 Bromoform 2871 173 75-25-2

31/32 meta-Xylene, para-Xylene 2871 106 108-38-3/106-42-3

33 Styrene 29.86 104 100-42.5
34 1,1,2,2-Tetrachloroethane 30.12 83 79-34-5

35 ortho-Xylene 30.12 106 95476

36 1,2,3-Trichloropropane 30.57 75 96-184

37 Isopropylbenzene 3152 105 98-82-8

18 Bromobenzene 32,12 156 108-86-1

39 n-Propylbenzene 3318 91 103-65-1
40 2-Chlorotoluene 3335 n 95-49-8

41 4-Chlorotoluene 33.67 g1 106434

42 1,2,3-Trimethylbenzene 3442 105 95-63-6/108-67-8
43 tert-Butylbenzene 35.30 119 98-06-6

4 1,2,4-Trimethylbenzene 3581 105 95-63-6

45 sec-Butylbenzene 36.15 105 135988

46 1,3-Dichlerobenzene 36.15 146 541-7311

47 1,4-Dichlorobenzene 36.45 146 106-46-7

48 para-Isopropyltoluene 36.93 119 195-32-0

49 1,2-Dichlorobenzene 37.71 146 95-50-1

50 n-Butylbenzene 38.45 91 104-51-8

51 1,2-Diboromo-3-chloropropane 31946 75 96-12-8

52 1,2, 4-Trichlorobenzene 44.66 180 120-52-1

53 Naphthalene 45.49 128 91-20-3

54 Hexachlorobutadiene 45.88 225 87-68-3

55 1,2,3-Trichlorobenzene 46.17 180 87-61-6
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Table 2. Experimental conditions for the system of analyzing
VOC using HS/GCMS

20ppbE. ZAPE|glLe, E¢F & RS BTEX
(benzene, teluene, ethylbenzene, xylenefs8] MDLZ:

Condition Analytical Conditions £ 0.7~16ppbZ FA71Z ¢|5h2(TCE03 ppm, PCE:
acc Autosystem GC XI(Perkin Elmer, USA) g 1 pom  BTEX:1 ppm) viehd, ¥akat matrixg] #7)
Column 75 m X 0.45 mum X 2.55 |um, PE-Volatile I 9 ESHAIRO|AE o}5 Uty IR =
Oven 40°C— 10minCimin) = I8°CEC xgo| 25 o] fafe] $Mo] 7S T 4 2
CornGes T UG0Sty 14ps, | T EAAGER 5538 A A5Fverage
split ratio = 9:1 | " recovery, N=3), WFEFT=Hpercent standard
Injector 150°C deviation, %RSD) ¥ AR (correlation coefficient,
CIMS Detector ~ TurboMass Mass Spectrometer(Perkin- R2¥= Table 3] VIERNQIE}, BojjA] Bulg) 7re] A
Elmer, USA) Aol 40ppbe) BERAE Azsle] 35 £HY A
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Sean tifme 0.55ec tetrachloroethane)2. 2. ZAMEI I, HAE BFEH=
Inter scan delay 0.2sec 0.29%(1,2,4-trimethylbenzene)~ 8.82%(2,2-dichloropro-
Multipler 410 pane)Z el on] Alg S FEHE 44 7]
Source temp. 150°C FRFE-E Aekslr] 18 calibration curvel> 20, 40,
GC interface temp.  250°C 100, 200 ¥ 400 ppbe] FFERE Fusle] =pAdet A
Ionization enetgy ~ 70eV T AlA =7 00882~ 1.00002 velsich,
O Hoadspace HS 40 XL (Perkin Elmer, SA) FANYEA 5559 94 R7100EL Hez,
— on NaCFgsh & gl 7%, w920, 20, 30,
N 8 40, 50min) 3 FHLES0, 60, 70, 80, WCY5S)
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Fig. 1. Chromatogram of volatile organic compounds(55 kinds).
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Tuble 3. Average recovery, percent standard deviation and correlation coefficient for 55 kinds of VOCs using 10 mL of modified

solution and 5 g of blank solid sample(S/N=2.5}

pegk  Avemge  Avemage Sl:nmdzl; MDL **Correlation Average  Average :::;Cdié MDL “‘*Cmrel'ati on
No, Conceniation recoverfy deviation (ppb) Coefﬁglent No, concentration rec_ovenry deviation  (ppb) coefﬁ;:wnt
{40ppb)  (N=3,%) (%RSD) (R) (40ppb)  (N=3,%) (%RSD) R
1 44.2 1i0.6 6.62 15 0.9944 28 435 108.7 027 1.1 0.9956
2 381 952 567 44 0.9974 9 386 99.0 0.91 0.7 0.9903
3 397 992 414 22 0.9984 30 459 114.7 2% 26 0.9972
4 384 95.9 6.95 39 0.9985 31132 796 99.5 1.60 0.8 0.9904
5 40.8 102.0 236 24 0.9959 33 428 106.9 0.82 08 0.9910
6 374 93.4 1.78 14 0.9978 34 494 1234 436 0.8 0.9987
7 434 108.6 6.08 38 0.9986 35 40.5 101.2 1.87 1.6 09912
8 41.1 1003 2.13 1.3 0.9995 36 49.2 1229 3in 09 1.0000
9 41.1 1025 882 33 0.9969 37 385 96.3 113 0.6 0.9896
10 444 110 260 42 0.9999 38 465 116.3 0.78 1.5 0.9956
11 393 98.3 5.58 29 0.9975 39 40.1 100.2 1.75 04 0.98%7
12 393 98.2 39 53 0.9964 40 48.0 120.0 042 0.7 0.9926
13 426 106.6 434 23 0.9983 41 44.5 1113 059 0.6 09914
14 40.0 100.1 1.81 1.0 0.9976 42 388 97.0 .68 0.7 0.9888
15 424 106.0 308 39 0.9998 43 39.7 993 182 07 0.9903
16 39.0 976 417 1.8 0.998%8 44 403 100.8 029 2.5 0.9894
17 36.1 90.3 209 23 0.9991 45 390 97.6 1.50 0.5 0.9895
I8 43.3 108.2 260 20 (3.9996 46 46.5 1162 1.51 1] 0.9954
19 408 102.1 333 1.3 09977 47 454 I13.5 0.66 09 0.9950
20 414 103.58 6.40 19 0.9959 48 469 117.3 1.61 0.9 0.9883
21 46.0 1151 443 14 0.9998 49 45.5 1138 1.25 1.1 0.9967
22 40.2 100.5 1.24 1.1 0.9940 50 49.2 1229 245 1.3 0.9882
23 479 119.8 324 1. 0.9999 51 423 105.7 9.94 2.8 0.9983
24 48.2 120.6 274 1.5 0.99%) 52 45.7 1143 279 2.1 0.9972
25 452 1129 469 30 0.998] 53 50.7 126.7 677 038 0.9999
26 40.2 1004 29 20 0.9958 54 51.0 127.6 432 39 0.9962
27 475 118.7 1.37 23 (.9983 55 46.6 1165 279 2] 0.9977
*MDL : Minimum detection limit.
*S/N: 28,

**Correlation coefficient ; 5-point calibration(20 ppb, 40 ppb, 100 ppb, 200 ppb, 400 ppb).

olZ 3ty gHES L% HES85C, 30 min) F
Asledct L B# NaCle 371519 S o ez o3
o] 1.07~261:) ¥ 75 712 uehdt}. Table
4o M Hi=wle} zhe] zh 3|§MEQ] FHel miet salte]
A7l we} S7i3s sl o2 el AE
E 4 qlod, 25Trt AR 24 FolEe AE L2
dibromo-3-chloropropanee], 714 =7 F7igl AL
trichlorofluoromethane®. 2 vtebyicl, =3t benzene

1.599, toluene 1.67%%, ethylbenzene 1.65M, m-, p-
xylene 17071 2 o-xylene 1.831Z. Fo]z wixle]
Z7HE o £ ldded, 78] el o ol &
BTEXel gt 73822 Z717} vlw|eleir Barsgle.
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Table 4. Salt effects of VOCs(No salt, 5g NaCl addition}
Peak Ag?;f;k Peak area‘r-atio A‘;:(g;f;jk Peak area.r?dtio
Compound Name = ————————(Salt addition Compound Name = ——————— (Salt addition
No. No salt S?].t /No salft} No. No salt Salt /No salt)
addition addition
1 Trichlorfluoromethane 861 919 1.07 28 Chlorobenzene 823 1445 1.76
2 1,1-Dichlorocthene 395 444 112 29 Ethyl Benzene 1626 2681 1.65
3 Methylene Chloride 310 )| 1.20 30 Bromoform 135 205 1.52
4 ftrans-1,2-Dichloroethene 113 154 137 31/32 meta-Xylene, para-Xylene 1289 2185 170
5 1,1-Dichloronethane 690 1040 1.51 33 Styrene 741 1410 1.90
6 cis-1,2-Dichloroethene 594 901 1.52 34 1,1,2,2-Tetrachloroethane 189 385 203
7 Bromochloromethane 132 184 139 35 ortho-Xylene 550 1017 1.85
8 Chloroform 631 912 1.45 36 1,2,3-Trchloropropane 164 295 1.80
9 2.2-Dichloropropane 320 462 145 37 Isopropylbenzene 1663 2599 1.56
10 1.2-Dichloroethane 254 Ryl 147 38 Bromobenzene 304 600 1.97
11 1,1,1-Trichlorocthane 784 1042 1.33 39 n-Propylbenzene 2299 3470 1.51
12 1,1-Dichlcropropene 560 708 127 40 2-Chlorotolucne 1086 1898 1.75
13 Carbon Tetrachloride 853 1020 1.20 41 4-Chlorotoluene 1023 1829 1.79
14 Benzene 119¢ 1907 1.59 42 1,2,3-Trimethylbenzene 1462 2303 157
15 Dibromomethane 135 180 1.33 43  tert-Butylbenzene 1586 2526 1.59
16 1.2-Dichloropropane 279 466 1.67 44 124-Trimethylbenzene 1322 2420 1.83
17 Trichloroethene 462 588 1.27 45 sec-Butylbenzene 2573 3623 141
18 Bromodichloromethane 383 538 1.40 46 1,3-Dichlorobenzene 785 1450 1.85
19 cis-1,3-Dichloropropene 215 378 1.76 47 1,4-Dichlorobenzene 698 1325 150
20 ftrans-1,3- 144 249 1.73 48 pama-Isopropyltoluene 1934 3054 1.58
Dichloropropene
21 1.1,2-Trichloroethane 156 238 1.52 49 1,2-Dichlorobenzene 589 1188 202
22 Toluene 1285 2139 1.67 50 n-Butylbenzene 2080 2868 1.38
23 1,3-Dichioropropane 281 444 1.58 51 1,2-Diboromo-3- 38 99 26l
chloropropane
24 Dibromochloromethane 250 361 1.4 52 1,24-Trichlorobenzene 528 1007 191
25 1,2-Dibromomethane 157 236 1.51 53 Naphthalene 762 1892 248
26 Tetrachlorotthene 562 755 1.34 54 Hexachlorobytadiene 699 953 136
27 1,1,12-Tetrachloroethane 332 575 1.73 55 1,23-Trichlorobenzene 447 924 207

*Analytical conditions ; Temp. 85 °C, Equibration time: 30 min, VOCs Concentation: 40 ppb.
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Fig. 2. The change of recoveries of VOCs(40 ppb) from the waste sludgies according to equilibration temperature. Thermostatting
time: 30 min. Headspace vial volumn: 22.3 mL. Sample volumn: 10 mL.
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0 = L8 CRers |
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Fig. 3. Equilibration time of VOCs(40 ppb). Thermostatting temperature: 85 °C. Headspace vial volumn: 22.3 mL. Sample volumn:

10 mL.
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Table 5. The peak area of VOCs(40ppb) according to various equilibrium time

Peak No. Equilibriwm time at 85°C Peak No. . Eq-uilibriwn ﬁ{'ne at 35°C‘ :
I0min ~ 20min  30min = 40min  50min I0min  20min  30min = 40min  50min

1 446 492 499 504 503 28 352 453 51t 554 564
2 179 218 221 238 242 29 648 805 899 973 1006
3 113 150 186 187 198 30 58 92 96 99 105
4 36 41 75 76 79 32 53 682 745 312 827
5 284 372 419 428 452 3 288 370 434 466 503
6 236 320 340 377 365 34 92 129 124 113 62
7 45 92 9 95 103 35 216 292 320 353 n
g 245 325 32 383 403 l6 64 25 102 102 113
9 129 162 162 145 84 37 732 g8 955 1018 1639
10 101 152 168 173 184 38 133 182 208 223 231
11 378 457 469 483 503 39 963 1138 1250 1356 1404
12 264 320 i n 369 40 433 535 609 657 698
13 459 542 559 576 579 41 399 511 587 631 666
14 519 637 713 752 787 42 616 739 336 913 951
15 4 88 87 87 98 43 788 931 1012 1077 1052
16 107 161 183 194 207 4 534 082 774 827 863
17 173 24 263 308 35 45 191 1370 1476 1545 1589
18 144 209 226 254 273 46 359 463 531 574 585
19 85 131 141 136 118 47 318 414 484 512 530
20 58 88 86 78 77 48 949 1112 1226 1303 1351
21 52 88 88 103 113 49 273 363 410 435 452
n 522 641 9 ek 802 50 896 1025 1135 1218 1266
23 110 175 177 190 20 51 9 28 28 30 21
24 104 156 163 184 193 52 261 343 380 407 423
25 6l 97 97 9 11 53 3% 509 518 549 554
26 294 365 378 393 407 54 436 500 523 544 542
27 144 204 224 245 262 35 221 186 320 339 353

slel Table 69} L AXE Aich. Table 6of] viepd
dlel o] sample 1(W1)d]AM = dichloromethane,
chloroform, 1,1,1-trichloroethane, benzene, trichloroe-
thane, toluene, tetrachloroethane, ethylbenzene, m-,
p-, o-Xyleneisopropyl benzene, n-propyl benzene,
1,2,4-trimethyl benzene% 13%¢] sample 2(W2yi|A
+ trichloroethane,
ethylbenzene, m-, p-, o-xylene, isopropyl benzene,
n-propyl benzene, 1,2 4-trimethyl benzenes 95| 7
25 o= vehten], sample 3(W3p|As benzene,
trichloroethane, toluene, tetrachlorcethane, ethylben-
zene, m-, p-, 0-xylene,1,2 4-trimethyl benzenes 52|
A BREEe] AEHA =3, FEd s
T4 pptellA 4+ pprA] ok A2 Jelded. Fg,

toluene, tetrachloroethane,
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Table 6. List of the detected volatile organic compounds in the

waste sludge samples (unit: ppb)
Peak No. Compounds Sample 1 Sarnple 2 Sample 3
3 Dichloromethane 209 - 27280
§  Chloroform 21.1 - -
11 1,1,1-Trichlorpethane 250 - -
14  Benzene 43 - -
17 Trichloroethane 6763.1 73 7.6
22 Toluene 105.8 2.7 16.6
26 Tetrachloroethans 1709.1 1087 5486
29  Ethylbenzene 4349 26 55
31/32 m-, p-Xylene 1644.4 54 318
35 o-Xylene 806.7 287 16,4
37  Isopropyl benzene 18.5 64.1 -
3%  n-Propyl benzene 153 58 -

44 12 4-Trimethyl benzene  171.0 6.5 14.7
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