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ABSTRACT

Many results of seawater and sediment metals in the coastal area were reported from various
research institutes, but the results were quite different. In order to improve the analysis results,
the accurate analysis of heavy metals in seawater and sediments were accomplished by the
QA/QC(Quality Assurance/Quality Control) program. The QA/QC programs included sampling,
delivery and preservation, sample analysis, and results analysis. The 90 samples of seawater and
the 54 samples of sediments were taken from kwangyang Bay in 1997. For the purpose of
accuracy, standard reference materials(SRM 1643d) certified from National Institute of
Standards and Technology were used in the determination of trace elements of standard
samples, The chemicals used in the pretreatment of samples were double distilled PPB/Teflon®
grade and ACS grade. The heavy metals in seawater and sediments were analyzed using
ICP-MS(Inductively Coupled Plasma-Mass Spectrometry) or AFS(Atomic Florescence
Spectroscopy).

Key Words : Metals: Quality Assurance: Quality Control: Seawater: Sediment: Heavy metals,
Analysis.
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Table 2.1 Certified mass concentration from NIST

sS4 2 E|ME Z3aEM0 QVQCOI Bt #1711

a8 ICP-MS ¥4%F 71719 244 E 3
Ast7] 93t AR SRS 5 AERMFT
vit} v|= Nationnal Institute Of Standards &
Technoldgy(NIST) oM  ®53= Standard Reference
Material(SRM) & EFA18.(Standard) 2 AH-§-3F
o E43igch

the Table 2191 SRMe} FJAEXNAHE et
Walew Table 2291 ICP-MSY HE3HAS o
ERf i,

Elements Concentration(ug/ I ) Elements Concentration(ug/ )
Aluminum 12760 =+ 35 Lead 1815 £ 064
Antimony 5410 * 11 Lithium 1650 * 055
Arsenic 5602 £ 073 Manganese 3766 X 083
Barium 50650 =+ 89 Molybdenum 11290 =+ 17
Berylium 1253 + 028 Nickel 5810 = 27
Boron 14480 =+ 52 Selenium 1143 + 017
Cadmium 647 £ 037 Silver 127 £ 0057
Chromium 1853 == 02 Strontium 2948 + 34
Cobalt 2500 = 059 Thallium 728 = 025
Copper 2050 =+ 38 Vanadium 310 = 14
Iron 9120 + 39 Zinc 7248 £ 065
Table 2.2 Detection limits of ICP-MS
Elements Concentration(us/ { ) Elements Concentration(ue/ 1 )
Aluminum 40 Lead 40
Antimony 30 Lithium
Arsenic 50 Manganese
Barium 2 Molybdenum
Berylium 0.3 Nickel 15
Boron 5 Selenium 75
Cadmium 4 Silver 7
Chromium 7 Strontium 0.5
Cobalt 7 Thallium 40
Copper 6 Vanadium 8
Iron 7 Zinc 2
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- Sample collection

- Sample handling
FIELD - Cleaning procedure

SAMPLING - Transport

- Preservation

- Storage

- Recovery of known additions
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Fig. 21 Flow diagram of QA/QC program
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Fig. 22 Location of seawater sampling
stations in Kwangyang Bay
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Fig. 23 Location of sediments sampling
stations in Kwangyang Bay
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Fig. 3.1 Control chart for recovery ratio of
heavy metals in seawater.
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Table 3.1 Known addition recovery for seawater QA/QC (Unit: %)
Cd Pb Zn Cu v Co As Cr Ni Hg
Recovery 100 85.4 91.4 106.3 1183 104.3 104.1 87.5 1059 86.9
Table 3.2 Blank result for seawater QA/QC (Unit: we/ 1)
Cd Pb Zn Cu \% Co As Cr Ni Hg
Blank-1 02 0.03 0.01 0.3 0.1 0.01 01 0.6 0.0 03
Blank-2 <02 0.03 0.01 0.3 01 0.01 0.1 05 0.0 04
AVG <02 0.03 0.01 0.3 0.1 001 0.1 0.55 0.0 0.5
SD ‘ 00 0.0 0.0 0.0 0.0 0.0 0.0 0.05 00 0.1
Table 3.3 Standard calibration for seawater QA/QC (Unit: ws/ 1)
Cd Pb Zn Cu \% Co As Cr Ni Hg
STD-1 5.86 17.10 67.7 21.0 442 2954 58.5 214 68.0 11
STD-2 6.27 16.98 69.2 21.0 418 26.85 575 212 60.6 1
STD-2 6.32 16.92 70.8 20.7 449 26.60 59.9 26.8 64.6 <1
STD-3 6.61 17.77 724 20.5 417 26.25 52.6 205 62.6 0.2
STD-4 6.65 18.95 69.6 20.4 424 2594 55.8 23.6 62.3 6.4
RE(%) 119 9.9 28 2.8 45 13.9 48 9.1 9.0 83.2
* RE: Relative error
Table 3.4 Duplicate result for seawater QA/QC (Unit: w/ 1)
Site Cd Pb n Cu \% Co As Cr Ni Hg
Sample-15 <.08 0.54 18.1 1.00 84 0.02 16 290 091 0.50
Sample-15 .08 0.49 155 0.98 73 0.02 13 2.30 0.73 0.10
AVG <08 0.51 16.8 0.99 79 0.02 14 2.60 0.73 0.30
SD 0.0 0.0 18 0.0 08 0.0 0.2 04 0.1 03
RE(%) 0.0 8.7 14.4 19 13.2 18.2 19.8 20.7 - 19.8 80.1
Sample-7 0.25 11.92 55.1 25.0 20.8 1.22 1.3 186 159 <ol
Sample-7 0.22 11.38 52.1 239 18.3 122 11 163 14.2 69
AVG 0.24 11.65 53.6 2447 19.6 1.22 12 17.47 15.06 6.95
SD 0.0 04 21 0.8 1.7 0.0 0.1 17 1.2 -
RE(%) 13.6 45 54 45 11.9 02 15.7 125 10.7 -
* - failure
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Table 3.5 Known addition recovery for sediment QA/QC (Unit: %)
Metal Cd Pb Zn Cu \Y% Co As Cr Ni
Recovery 104.2 102.4 108.7 117.1 82.0 100.2 113.6 1154 108.4
Table 3.6 Blank result for sediment QA/QC (Unit: we/ 1)
Cd Pb Zn Cu \% Co As Cr Ni
Blank-1 1.80 250 21.20 10.10 88.00 0.11 1.10 5460 1.10
Blank-2 2.00 3.00 22.40 11.20 35.00 0.11 ‘1.10 57.20 1.20
Blank-3 | <02 0.03 0.10 030 <01 0.01 0.10 0.60 000
Blank-4 | <02 0.03 0.10 030 {01 0.01 010 055 0.00
Table 3.7 Standard calibration for sediment QA/QC (Unit: we/ 1)
Cd Pb Zn Cu A\ Co As Cr Ni
STD-1 6.9 185 83.9 25.1 51 297 66.9 235 70.6
STD-2 6.7 195 739 212 47 264 66.9 239 59.7
STD-3 7.0 19.3 76.0 225 45 28.1 63.9 217 64.3
STD-4 7.0 19.3 76.0 225 45 28.1 639 21.7 64.3
STD-5 74 193 73.7 26.0 46 291 61.5 22.2 66.7
RE(%) -6.2 -6.0 12.1 -36 109 17 8.0 5.7 2.3
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Table 3.8 Duplicate result for sediment QA/QC (Unit: mg/kg)

Site Cd Pb Zn Cu v Co As Cr Ni
Sample-9 0.37 27.53 11375 2449 9217 13.84 14.53 51.37 30.93
Sample-9 0.34 2874 119.02 26.61 94.49 12.93 16.01 50.66 3111
AVG 0.36 28.14 116.28 25.65 93.33 13.39 15.27 51.03 31.02
SD 0.02 0.88 373 1.64 1.64 0.64 1.05 0.49 0.13
RE(%) 8.0 -4.4 -4.6 -94 -25 6.5 -10.1 13 -0.5
Sample-10 0.5 31.00 125,02 26.49 80.93 12,70 9.67 64.03 2891
Sample-10 0.4 30.83 118.10 25.10 79.94 13.03 8.38 63.98 18.19
AVG 045 30.92 121.56 25.80 80.43 12.86 9.06 64.01 28.55
SD 0.13 0.12 490 0.98 0.70 0.23 0.99 0.03 0.50
RE(%) 198 0.5 55 5.2 12 -2.5 144 0.07 234
Sample-19 0.31 30.73 95.30 22.68 73.67 1145 9.56 48.66 25.76
Sample-19 0.35 29.97 93.13 20.42 76.43 10.60 9.98 44.62 2321
AVG 0.33 30.35 94,22 2154 75.05 11.02 9.77 46.64 2448
SD 0.10 0.54 153 1.58 1.95 0.60 0.30 2.86 181
RE(%) -12.7 24 2.37 9.9 -38 74 -44 83 9.9
Sample-30 0.47 2841 122.50 26.08 107.37 1333 6.46 53.96 3318
Sample-30 0.31 30.44 129.27 24.32 92.02 13.13 7.05 50.66 34.01
AVG 0.39 29.43 125.88 2519 99.70 13.23 6.75 52.31 33.59
SD 0.11 144 479 124 10.86 0.14 0.41 2.33 0.59
RE(%) 335 -7.1 -5.5 6.7 143 1.5 -9.0 6.1 -25
Sample-40 0.22 2176 4355 9.71 30.16 451 3.52 2474 882
Sample-40 0.26 2264 4357 9.02 3215 445 4.77 24.90 8.58
AVG 0.28 22,20 43.56 9.36 3116 448 415 24.82 8.70
SD 0.09 0.62 0.02 0.49 141 0.04 0.88 0.12 0.17
RE(%) -19.3 -4.0 -0.06 7.1 -6.6 12 -35.5 -0.66 28
Sample-54 0.60 3441 122.37 3117 70.69 12.02 10.82 53.56 29.97
Sample-54 0.48 34.83 125.00 3147 67.78 12.04 893 51.53 31.21
AVG 0.54 34.62 123.69 3132 69.23 12.03 9.88 52.95 30.59
SD 0.08 0.29 185 0.21 2.06 0.02 133 143 0.88
RE(%) 201 -1.2 -21 -0.97 41 -0.23 174 38 -41
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Table 39 QA/QC for precision of standard (Unit: we/ 1)
N Cd Pb Zn Cu \% Co As Cr Ni Hg
STD-1 5.9 171 67.7 21.0 442 295 585 214 68.0 1.1
STD-2 6.3 17.0 69.2 21.0 418 269 575 21.2 60.6 <.
STD-3 6.3 170 70.8 207 449 26.6 595 26.8 64.6 a1
STD-4 6.6 178 724 20.5 417 26.3 526 20.5 62.6 0.2
STD-5 6.7 19.0 69.6 204 424 259 55.8 23.6 62.3 6.4
STD-6 6.4 175 728 18.0 442 265 610 20.8 64.0 16
STD-7 6.7 179 67.9. 18.1 36.9 23.9 61.5 23.7 570 <1
STD-8 6.1 16.0 738 20.6 465 30.2 59.2 248 70.0 1
STD-9 6.9 185 83.9 25.1 51.0 29.7 66.8 235 70.6 0.3
STD-10 6.7 195 73.9 21.2 470 264 66.8 239 59.7 0.1
STD-11 6.7 18.1 754 22.1 48.0 269 64.7 22.6 60.8 0.1
STD-12 7.0 19.3 76.0 225 45.0 28.1 63.9 217 64.3 <1
STD-13 74 196 737 26.0 46.0 29.1 61.5 222 68.7 <1
SD 09 11 76 24 34 18 40 84 44 2.2
AVG 6.5 18.2 725 20.5 35.1 25.0 56.0 185 58.1 -
DL 0.37 0.64 0.65 38 14 0.59 0.73 0.2 27 -
4. 28 Z
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Fig. 3.2 Control chart for standard deviations
of heavy metals in standard
reference materials(SRM).
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