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Variations on the Concentration of Dissolved Gaseous Mercury(DGM) at the
Juam Reservoir, Korea

JongSung Park - Schee Oh - Mi-Yeon Shin - Seung-Muk Yi - Kyung-Duk Zoh'

Department of Environmental Health, Seoul National University

ABSTRACT : The reduction of Hg™ in the aqueous phase results in the production of dissolved gaseous mercury(DGM), and the
volatilization of DGM has been identified as an important mechanism for the loss of Hg from waterbodies to the atmosphere. Although
mercury emission in the world is known to be mostly from Asia, there have been few studies of measuring DGM concentrations in lakes
in Asia. In this study, DGM concentrations were measured at Juam reservoir(35°00N, 127°14'E), Korea. The results showed that the average
concentrations of DGM at the upper and down stream of the lake during summer time were 95+8 and 130+ 15 pg/L, respectively and
the concentration of total mercury(TM) at the upper and down stream was 2.1£0.7, 1.7+0.3 ng/L respectively. Average DGM concen-
tration during summer time(101 + 14 pg/L) was approximately 5.5 times higher than that during fall(18 £0.1 pg/L). The DGM concentrations
at the midstream decreased from 32 to 13.7 pg/L during rain event, while the TM concentrations increased from 2.2 ng/L to 2.7 ng/L
indicating the deposition of mercury from the atmosphere. Also, the diurnal patterns between DGM concentrations and UV intensities were
observed. Water temperatures and DOC concentrations were significantly related to DGM concentrations, while TM concentrations were
negatively related to DGM concentrations(p<0.0001). Comparing with the study of Dill et al,(2006) the average concentrations of DGM

(109+15 pg/L) and TM(2.2+£04 ng/L) at Juam reservoir were approximately 3 and 2.2 times higher than those measured in other
lakes(DGM: 38+ 16 pg/L, TM: 1.0+ 1.2 ng/L).
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Fig. 1. Schematic representation of mercury cycling in the
environment.
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Fig. 2. Juam reservoir lake and the sampling locations.
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Table 1. Hydrological characteristics and utilization of drainage
basin of Juam Reservoir lake'”

Surface area(km?) 22
Water capacity(><106 m3) 457
Average water volume(x106 m®) 31
Annual water inflow(x10° m3) 623
Annual water outflow(x10° m®) 673
Maximum water level 108.6
Average water level 104.1
Maximum depth(m) 40
Mean depth(m) 15
Hydraulic residence time(yr) 0.36
Drainage area(kmz) 1,010
Drainage area : lake area ratio 45
Paddy and dry field area in drainage basin(km®) 179
Forest and mountain area(km”) 744
Total population in drainage basin(persons) 58,553
Urban population in drainage basin(persons) 13,340
Rural population in drainage basin(persons) 45,193
Annual precipitation(mm/yr) 1,482
Air temperature(C) 124
Wind speed(m/sec) 1.3
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Fig. 3. Schematic representation of (a) auto pursing system and (b) Tekran 2537A for DGM analysis.
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Table 2. The results of DGM concentrations measured and other parameters in Juam reservoir lake

Date Time Site Net DG}VI D. n TM  Water Temp. oH DO DOC UV-A2 UV-B2 Weather
‘ (pg/L) (ng/L) (C) (mg/l) (mglk) (pW/em’) (@W/em')

8/28/2005  15:00 1 1297 29 2 1.2 25.6 6.7 93 3.8 1148 130 clear
82912005  9:40 1 1472 147 2 1.8 25.1 6.9 9.0 3.1 821 97 fog
8/29/2005  13:30 1 1063 23 2 2.1 276 7 9.1 2.4 1917 232 clear
8/29/2005  18:00 1 135.3 3.7 2 1.9 276 6.9 9.0 26 238 14 clear
8/31/2005  21:00 2 1032 28 2 . - - - 23 - - clear
8/31/2005  9:20 3 82.1 0.6 2 13 259 8.4 9.5 2.6 559 72 cloudy
8/31/2005  13:15 3 1044 74 2 1.8 26.8 8.2 9.6 3.7 1189 195  clear
8/30/2005  13:30 4 922 26 2 2.4 258 8.7 10.6 29 725 95 rainy
8/30/2005  17:20 4 99.7 24 2 33 25.7 9 102 25 732 112 rainy
8/30/2005  14:00  inpu2  89.4 42 2 35 25.7 9.4 105 26 767 120 rainy
8/312005 1437  inpu2  97.1 - 1 2.6 26.4 6.7 10.1 23 591 88 . clear
8/31/2005  13:50  inputl 1254 85 2 2.5 26.8 8.9 99 32 565 86 clear
10/06/2005  12:00 2 34 0.2 2 23 21 6.9 7.8 1.8 1064 130 clear
10/06/2005  15:00 2 34 0.7 2 - 22 6.6 76 - 1021 97 clear
10/06/2005  18:00 2 29 1.0 2 R 2 72 9.2 - 9 0 clear
10/06/2005  21:00 2 24 0.4 2 - 21 72 79 - 0 0 clear
10/07/2005  6:00 2 20 0.0 1 - 21 62 75 - 1 0 clear
10/07/2005  9:00 2 16 0.6 2 - 21 6.8 1.7 - 53 3 rainy
10/07/2005  12:00 2 15 1.2 2 27 21 7.0 7.6 1.8 96 15 rainy
10/07/2005  15:00 2 12 0.9 2 - 21 6.1 75 - 43 5 rainy
10/07/2005  18:00 2 13 0.7 2 - 21 6.9 83 - 9 0 rainy
10/08/2005  9:00 2 1 1.0 2 - 21 7.0 7.7 - 493 41 cloudy
10/08/2005  12:00 2 13 0.1 2 33 20 7.1 77 1.7 1266 105 cloudy
10/25/2005  13:00 1 202 0.4 2 3.4 19.1 6.8 79 14 720 60 clear
10/25/2005  17:50 1 213 0.9 2 35 179 6.7 7.8 15 0 0 clear
10/26/2005  9:00 1 275 82 2 33 16.9 6.7 76 1.9 439 39 clear
10/26/2005  12:40 1 243 1.0 2 32 182 6.7 7.8 1.9 1310 113 clear
10/26/2005  21:30 2 15.1 0.6 2 3.1 20.0 7.0 77 22 0 0 clear
10272005 13:40 3 233 3.5 2 35 189 7.1 10.1 1.7 917 82 clear
10272005 17:30 3 139 0.9 2 3.5 17.8 7.1 8.9 1.8 115 4 clear
10/28/2005  9:10 3 20.5 1.9 2 3.4 176 7.1 8.3 1.8 203 2 clear
10/28/2005  13:15 3 24.7 - 1 23 18.1 6.9 8.7 1.8 328 41 cloudy
1027/2005  13:00  input2 172 1.1 2 3.2 176 7.0 116 1.7 824 68 clear
10/28/2005 12335  inputl 18.0 2.1 2 3.1 177 7.1 8.9 29 365 46 cloudy

*l pg Hg L' =5 fM Hg.
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Table 3. The results of statistic relation between DGM con-
centration and environmental parameters

parameter n B S.E. p-value
Water temperature 33 113 1.11 <0.0001
DOC 33 56.5 9.18 <0.0001
™ 50 -44.5 9.50 <0.0001
DO 33 21.7 6.04 0.001
UV-B 33 0.35 0.10 0.002
pH 33 26.6 8.80 0.005
UV-A 33 0.03 0.01 0.031
Conductivity 33 -0.08 1.14 0.946

B: estimate, S.E.: standard error, 0=0.05
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Table 4. Mean DGM concentrations measured in fresh waters of the lakes in the North America for summer season(Modified
from Dill's study®”)

. . . Sampling Temp. Total HE* DGM®
Lake Location Time dep tﬁ (mf () (ngl)  (pell) Reference
Resolute Bay, Cornwallis
Amituk Lake(arctic) Island, Canada August 1994  Surface 3 0.3 32-41 Amyot et al., 1997b
(75°03'N, 96°46'W)
Resolute Bay, Cornwallis
Merretta Lake(arctic) Island, Canada August 1994  Surface 1 0.44 61 Amyot et al,, 1997b
(74°42'N, 94°59'W)
Resolute Bay, Cornwallis
North Lake(arctic) Island, Canada August 1994  Surface 1 0.36 58 Amyot et al., 1997b
(74°46'N, 95°06'W)
N. Highland Lake Dist.
Northern Wisconsin Lakes’ ~4 km away from Trout May and Surface 9° 1.5 40° Watras et al,. 1995
Lake Station(46°N, soew) October 1993
Northern Wisconsin Lakes” N. Highland Lake District  August 1989 ~1 - - 12-71  Fizgerald et al., 1991
Big Dam West Lake Kejimbujik Park, June 2001  Surface 18215 5.0 76 ODriscoll et al., 2003
Nova Scotia, Canada
Puzzle Lake Kejimkujik Park, June 2001 Surface 19.523.5  0.87 27 ODriscoll et al, 2003
Nova Scotia, Canada
Whitefish Bay, Lake Paradise, MI July and
Superi0r°(tem);)erate) (46.6°N, 85°W) Augu);t 1997 ~1 i 0.26 = Vette, 1998
Tahquamenon River Paradise, MI July and
plu(ine°(temperate) (46.6°N, 85°W) Augu);t 1997 -1 i 085 2% Vette, 1998
Whitefish Bay, Lake Superior’ Paradise, MI Zhang and
(nearshor}e,:, temperatz) (46.6°(Ii\1, 85°W) June 1998 Surface 18 L7 2 Lindbergg, 2002
Tahquamenon River Paradise, MI Zhang and
plu(inec(temperate) (46.6°N,e§5°W) June 1998 Surface 23 ; = Lindbergg, 2002
Lake Michigan(temperate)’ Five stations August 1994  Surface 813 ~03 2817 ;‘:S'L;an 132%
Lake Michigan(temperate)® 41-46°N, 85-88°W July 1994 ~5 22 - 20 Vette, 1998
Ranger Lake(temperate) Canada(45°09'N, 78°02'W) June 1994 ~0.5 21 1.7 72 Amyot et al., 1997¢
Jacks Lake(temperate) Canada(44°41'N, 78°02'W) July 1994 ~04 23 - 48 Amyot et al,, 1997¢
Lake Erie(temperate) 41°54'N, 81°39'W July 1994 ~0.2 21 0.3 34 Amyot et al., 1997¢
Cane Creek Lake, TN® 36°09'N, 85°33'W June 2003 Surface 26 <0.2 37 Dill et al., 2005
Cane Creek Lake, TN® 36°09'N, 85°33'W July 2003 Surface 30 <0.2 41 Dill et al., 2005
Cane Creek Lake, TN® 36°09'N, 85°33'W August 2003 Surface 30 <0.2 35 Dill et al., 2005
Everglades, FL(subtropical)’ 26°40'N, 80°22'W f;;gf;g; 0.1 27 0710 423 Lindberg et al, 2000
Everglades, FL(subtropical)® 26°23'N, 80°30'W f;‘;‘gf;lgys 0.1 28 ; 23 Lindberg et al, 1999
Everglades, FL(subtropical)’ 25.3-26.3°N, 80-80.6°W July 1995 0.23 33 2.6 33 Krabbenhoft et al., 1998
Bosung River(input) 34°57N, 127°10E August 2005 1 26 - 93+4 This study
Dongbuk Stream(input) 38°58'N, 127°10'E August 2005 1 26.8 - 125+8 This study
At the junction of two
Juam Lake(Munduk Bridge) inputs to the Juam Lake  August 2005 1 25.8 - 96+4 This study
(34°58'N, 127°10'E)
~1 km away from the
Juam Lake(upper) Munduk Bridge August 2005 1 26.3 - 93+11 This study
(34°58'N, 127°11'E )
Juam Lake(middle) - August 2005 1 - - 103£3 This study
Juam Lake(down) 35°03'N, 127°14'E August 2005 1 26.5 - 130£15 This study

*1 ng - Hg/L = 5 pM Hg. " Annual average. ° USA.
“Mean values for the sampling period indicated in the table(l pg/L = 5 fM).
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