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ABSTRACT

Two types of ground-water sampling techniques for CFCs (chlorofluorocarbons) analysis, the cold-welded copper tube
method and flame-sealed borosilicate glass ampule method, were compared and evaluated. CFCs concentrations by the
copper tube method showed a poor reproducibility among triplicates whereas those by the glass ampule method showed a
good agreement and relative standard deviations of triplicates were less than 5%. The poor reproducibility of the copper
tube method appears to be attributed to the incomplete sealing in connection between faucets of wellhead and the
sampling apparatus. The copper tube method also showed higher CFCs concentrations than the glass ampule method,
which is more pronounced for CFC-11 than for CFC-12. The plastic tubings and rubber gasket of faucets in case of the
copper tube method possibly contaminated the samples with CFC-11 and CFC-12. The potential of CFCs contamination
for the glass ampule method was eliminated by using stainless steel and Nylon only and by connecting the sampling
equipment directly to the main discharge pipe of wellhead. The validity of the glass ampule method were also verified by
detecting very low level of CFCs for the ground-water sample which is old enough to have negligible CFCs.
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Fig. 1. Location of ground-water sampling sites.
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Fig. 2. Schematic diagram of ground-water sampling procedure
for CFCs by cold-welded copper tube method.
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Fig. 3. Schematic diagram of ground-water sampling procedure
for CFCs by flame-sealed borosilicate glass ampule method.
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Table 1. Location and depth of wells used in this study
Well Latitude Longitude Elevation Total depth Local
(m asl.) (m) name
Wl 33°24'56" 126°52'15" 84 95 F-335
W26 33°24722" 126°19'56" 151 170 F-254
W34 33°19’ 27 126°16'42” 144 220 D-305
W37 33°14'42" 126°15'18" 42 119 F-294
W38 33°16'58" 126°18'45" 184 214 F-297
w43 33°17'13” 126°27'55" 417 410 Tamra Univ.
w48 33°15'11” 126°35'57" 56 72 F-221
W50 33°33'51" 126°35'40" 176 188 F-227
W54 33°19'18" 126°47'46" 59 80 F-338
W55 33°21" 5" 126°45728" 144 170 F-339
W56 33°257 2" 126°40'22" 430 420 Samdasu(3)
W57 33°24'49" 126°43'10" 338 325 KAL
Table 2. Analytical Results of CFC-11(CCI5F) in pg/kg for the two sampling campaigns
Triplicate] W1 | W26 | W34 | W37 | W3s | W43 | W48 | W50 | Ws4 | W55 | Ws6 | Ws7
First period (Dec. 2000 to Jan. 2001)
RI1 >385 289 >385 96 329 352 >385 >385 >385 >385 >385 >385
R2 >385 363 >385 54 >385 364 >385 >385 >385 >385 >385 >385
R3 >385 >385 >385 190 >385 271 >385 >385 >385 >385 >385 >385
Second period (Apr. 2002)
R1 367 151 358 24 331 75 807 1040 416 328 288 398
R2 371 149 358 - 338 74 843 1028 418 328 293 379
R3 380 150 353 23 339 77 794 1081 392 321 277 374
Mean 373 150 356 12.6 336 75 815 1050 409 326 286 384
RSD*(%)| 1.9 0.7 0.9 114.8 1.2 1.9 3.1 2.7 3.5 1.2 29 33

*Relative Standard Deviation

Journal of KoSSGE Vol. 8, No. 2, pp. 1~8, 2003



A|8F2] CFCs (Chlorofluorocarbons) ZAMS A3 Al 213 whgle] H7} 5

Table 3. Analytical results of CFC-12(CF,Cl,) in pg/kg for the two sampling campaigns
Triplicate] W1 | W26 | W34 [ W37 | W38 | W43 | W48 [ W50 [ W54 | Ws5 | W56 | W57

First period (Dec. 2000 to Jan. 2001)

R1 400 224 299 40 229 127 - 465 371 161 194 191
R2 256 223 303 21 283 105 427 415 194 273 216 604
R3 216 592 694 45 509 89 470 344 402 329 - 456
Second period (Apr. 2002)

R1 196 84 200 4.7 195 53 278 268 197 143 133 194
R2 190 83 200 - 202 54 294 265 201 135 134 189
R3 184 81 194 5.8 193 51 265 280 183 136 131 190
Mean 190 82 198 53 197 53 279 271 194 138 132 191
RSD*(%)| 3.3 1.7 1.8 149 23 3.6 5.2 29 4.8 3.0 1.1 1.2

*Relative Standard Deviation

Table 4. Hydrogeochemical results of ground-water samples collected in the first period (Dec. 2000 to Jan. 2001)

T EC 8"%0 8D
S 1 H DO C M N K HCO Cli SO NO
L eo | P wssem) R ’ ) HORED,

Wi 159 7.8 208 9.7 6.7 72 17.0 2.7 413 28.0 44 4.1 -6.5 —40

W26 15.4 7.5 122 9.8 5.6 54 83 3.1 345 9.9 2.8 13.3 =73 —46
W34 13.6 75 | 159 10.7 5.0 5.3 12.6 2.6 28.1 13.9 5.1 18.0 —6.9 -45
W37 15.0 9.0 140 9.2 9.8 3.0 9.7 26 479 8.8 3.0 2.0 -7.1 —41
W38 14.7 8.0 102 9.8 3.9 34 7.2 2.7 26.1 7.6 23 7.1 =72 —44
w43 14.5 8.2 61 9.7 3.0 2.0 44 1.8 19.8 4.4 1.9 0.5 -74 —44

w48 15.5 7.1 106 9.7 5.0 35 6.1 1.7 18.7 7.0 2.0 16.9 -7.3 —45
W50 152 6.8 98 10.4 44 32 6.1 17 17.7 8.8 22 10.7 -7.3 —44
W54 159 7.6 145 10 7.2 57 8.2 22 41.6 9.5 20 12.1 —6.7 -39
W55 15.1 7.8 107 113 4.8 4.2 7.0 23 39.1 6.5 2.0 N.D. —6.8 —41
W56 14.1 8.1 74 10.8 29 2.6 54 2.1 251 5.5 1.9 N.D. ~7.4 —43

W57 15.7 7.4 149 9.6 6.7 7.1 7.7 2.5 55.5 8.9 2.1 32 —6.9 —41
*For the unspecified, units are mg/L

Table 5. Hydrogeochemical results of ground-water samples collected in the second period (Apr. 2002)

T EC "0 8D
Sampl H DO C M N K | HCO Cl SO NO
ample (oc) p (us/cm) a g a 3 4 3 (%0) (%0)

W1 16.1 8.0 185 9.1 6.9 6.9 18.5 39 434 248 39 5.0 —6.6 —40
W26 16.7 8.2 114 9.0 5.3 4.7 10.1 42 45.7 7.2 2.1 4.5 -7.4 —48
W34 14.0 8.0 136 9.2 5.1 49 13.7 3.8 37.1 11.8 42 12.0 -7.1 —45
W37 15.0 9.2 124 7.4 10.0 29 10.6 33 46.4 8.1 29 23 =72 —45

W38 14.9 83 87 9.2 39 3.1 7.0 29 28.5 6.7 2.0 5.6 -74 —45
w43 14.6 89 57 8.4 3.1 1.9 4.0 1.9 21.5 4.0 1.3 0.6 7.6 —47
W48 15.6 7.1 86 9.1 4.7 3.1 5.7 20 20.0 6.2 1.8 13.1 1.5 —46
W50 15.3 7.1 86 9.7 44 3.1 5.9 20 19.3 8.2 1.9 92 -7.4 —46
W54 159 7.8 135 9.2 7.8 59 9.8 3.1 40.6 9.6 2.0 15.0 -6.7 —40
W55 152 8.1 94 9.1 5.0 4.0 74 28 39.7 6.0 1.7 1.4 —6.9 —41
W56 14.0 8.4 67 9.0 3.0 24 53 2.3 254 5.1 1.7 0.8 -74 —45
w57 16.0 7.5 131 8.3 6.7 7.0 9.2 33 554 8.4 20 3.8 —6.8 —42

*For the unspecified, units are mg/L

Journal of KoSSGE Vol. 8, No. 2, pp. 1~8, 2003



500 T T T T T T T

B R R 7]
e
l ll ’

400 — 7 —

20 - P N
£ v
o s
T 300 / —
© v
= /
,9_ Ve
=4 7/
< ,
= 200 (- , .
1 7
O
28 7
@] - e _
7
7
7
100 , —

Max. increase
by elapsed time of 1 year i

—

| 1 | 1 | 1
0 100 200 300 400 500
CFC-11 (Glass ampule). pg/kg
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