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We have evaluated the ammonium data in seawater as a potential short-term index for marine environment
through the following steps. 1. reviewing of chemical characteristics of ammonium in seawater, 2. comparative
relationships of ammonium data with other water quality indices such as DO, COD, and nutrients from Typical
Marine Environment(TME) and Special Marine Environment(SME). Ammonium data generally represent nega-
tive correlation with DO, while positive correlation with COD. In particular, under frequent cases of seawater
conditions showing similar concentration of COD or DO, we have limited choice of explanation for such situa-
tion. However ODIN(ODIN/RDIN) or RDIN(RDIN/TDIN) ratio could provide advanced information to under-
stand these seawater conditions. Based on these results, we suggest ammonium data as a potential short-period
index for transilient marine environment, such as benthic flux of bottom sediment, hypoxia, and algal bloom.
Under overcoming several handicaps, ammonium data could be an useful tool for better understand short trans-
formation of marine environment.
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Fig. 1. Locations of the studied areas.
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Fig. 2. Summary of the diverse nitrogen indices in this paper.
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Table 1. Comparison of ammonium data among three typical marine environments
Typical marine environments Location NH," (uM) Data Number
Off Shore East Sea (Gampo)"” (2000-2013) 1.37 109
Natural Estuary Sumjin-River Estuary" (2004-2008) 1.72 80
Harbour Masan Bay" (1997-2012) 13.80 128

"MEIS data

Table 2. Comparison between ammonium and other indices for the 3 typical mariner environments

Typical Marine Environments Location Characteristics RDIN? Correlation with water parameters (+/-)°
B +:COD, TP,
NH, -: Salinity
East Sea(Gampo)" . +: DIP
Off Shore (2000-2013) Clean Off-shore NO, - Temperature, pH, DO, Chl-a
NH, + NOy + COD, TP
N +: DIP
NH, -:DO
Sumjin-River Estuary" . +: Temperature, DIP
Natural (2004-2008) Natural Estuary NO, - pH, DO
. B +: Temperature, DIP
NHy +NO ' oH, DO, Chl-a
NH, +: Temperature, COD, DIP, TP
4 -: Salinity, DO, Transparency
Masan Bay" . . +: Temperature, DIP, TP, SS
Harbour (1997-2012) Semi-Closed Bay NO, -: Salinity, DO, Transparency
. B +: Temperature, COD, DIP, TP
NH," +NO, -: Salinity, DO, Transparency
YMEIS data

PRDIN reduced dissolved inorganic nitrogen
Ppositive (+) or negative (-) correlation, >95% confidence level
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Fig. 3. Long-term variations of DO and ammonium concentrations from the bottom water of the Masan Bay.
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Table 3. Comparison between ammonium and other indices for the intensified studied areas

Parameter West-Sea EEZ Sand-Mining Area South-Sea EEZ Sand-Mining Area Geum-River Estuary ~ Sumjin-River Estuary
SS (mg/L) 15.2 2.6 43.0 11.5
COD (mg/L) 2.9 1.1 NA 1.2
DO (%) 71.8 97.0 NA 101.5
NO;™ (uM) 427 2.63 68.31 15.46
NO, (uM) 0.13 0.20 2.96 1.14
NH," (uM) 5.01 7.59 22.10 1.72
RDIN"/TDIN?(%) 78.7 71.4 283 15.6
ODIN?/TDIN?(%) 21.3 28.6 71.7 84.4
Chl-a (ng/L) 1.41 NA 7.62 4.63
Data Number 59-131 138-150 998-1352 80
References Yang et al., 2008a K waters, 2010, 2012 Jeong et al., 2005 MEIS, 2015

PRDIN: reduced dissolved inorganic nitrogen (NH," + NO,")
?TDIN: total dissolved nitrogen (NH," + NO, + NOjy)
»ODIN: oxidized dissolved inorganic nitrogen (NOj5)

*NA: Not Analyzed
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Table 4. The seventeen density change studies of Chl-a in the Geum-River Estuary by the multiple regression analysis (quotation from Fig. 6
data in Jeong et al., 2005)

Season Flow rate < 50 m’/sec Flow rate > 200 m’/sec
1. DIP, TDIN/DIP, NO;5 11. DIP, TDIN/DIP, SS, NO,
Spring 2. DIP, TDIN/DIP, NO5", NO, 12. DIP, TDIN/DIP, Salinity

3. DIP, TDIN/DIP, Salinity, NO,

13. DIP, TDIN/DIP, NO,, NO;’
14. DIP, TDIN/DIP, Salinity, NO,", NO;"

Summer 15. DIP, TDIN/DIP, Salinity
16. DIP, TDIN/DIP, TDIN, SS
4.NH,", NOy, Salinity, DIP 17.NH,', NO,;, SS, NO5", TDIN/DIP
Fall 5. NH4+, NOZ-
6. NH,", NO,", Salinity, N/P
7.NH,", DIP, SS, NO;"
Winter 8.NH,", DIP, SS, NO,"
9. NH,", DIP, SS, Salinity, NO;, TDIN/DIP

10. NH,", Salinity
1: 97.02.28~03.16, 2: 97.03.17~04.02, 3: 97.04.16~05.06, 4: 96.10.13~10.24, 5: 96.11.11~11.24, 6: 97.11.14~12.06, 7: 96.11.25~12.08, 8:
96.12.09~12.23, 9: 97.01.10~01.25, 10: 97.12.12~12.23, 11: 97.05.19~05.31, 12: 98.05.11~05.23, 13: 97.06.01~06.13, 14: 97.06.14~06.28,
15: 98.08.02~08.17, 16: 98.08.18~09.02, 17: 98.10.04~10.19
*ten low fluvial flow cases: 1~10, seven high fluvial flow cases: 11~17
*each case covers approximately 15 days which span a full half-month tidal cycle
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Table 5. The characteristics of water quality parameters from 17 case studies of the Geum-River Estuary

Season Spring Summer Fall Winter
Flow condition” Low High High Low High Low
Salinity 4.1-27.3 (17.5) 4.8-17.8 (11.4) 0.0-23.8 (8.4) 4.1-24.2 (16.5) 2.7-28.8 (8.9) 6.1-28.4 (19.0)
Chl-a (ng/L) 0.0-54.5 (10.6) 0.5-20.8 (6.9) 0.3-38.6 (4.2) 0.0-19.0 (3.8) 0.0-8.1 (4.2) 0.0-4.1 (1.0)
SS (mg/L) 2-90 (35) 8-48 (18) 6-458 (69) 10-224 (38) 8-144 (44) 14-210 (64)

NOy (uM)  4.91-160.62 (69.44) 52.36-120.99 (86.32)19.96-123.15 (70.52) 11.67-204.80 (69.32)58.09-204.22 (88.07) 3.02-154.05 (83.86)
NO, (uM) 0.44-6.42 (2.68)  2.40-4.93 (3.82)  1.00-13.39 (4.15) 1.81-6.13(3.40)  1.25-3.85(2.13)  0.71-4.67 (2.24)
NH, (uM)  0.69-57.17 (29.57) 9.84-34.61 (20.94) 3.58-47.10 (17.03) 6.54-89.39 (18.42) 2.88-10.98 (7.32) 0.21-56.27 (25.59)

DIP (uM) 0.13-3.86 (1.06)  0.40-2.33 (1.35)  0.68-3.41(1.58)  0.65-9.06 (2.01)  1.44-2.75(1.97)  0.39-5.49 (1.96)
TDIN/DIP 5-1022 (183) 43-248 (96) 25-213 (65) 6-149 (55) 32-113 (50) 2-216 (71)
NH,"/DIP 0-221 (46) 6-42 (18) 2-32(11) 3-18(10) 1-5 (4) 0-50 (16)

RDIN?/TDIN (%)  3.9-65.1 (35.2) 16.1-29.1 (22.2)  4.5-52.9 (24.9) 10.4-60.7 (27.5)  4.8-17.4 (10.5) 15.7-54.4 (25.6)
ODINY/TDIN (%) 34.9-96.1 (64.8)  70.9-83.9 (77.8)  47.1-95.5(75.1)  39.3-89.6 (72.5)  82.6-95.2(89.5)  45.6-84.3 (74.4)
YLow: < 50 m*/sec, High: > 200 m*/sec

PRDIN: reduced dissolved inorganic nitrogen (NH, + NO,)

P0ODIN: oxidized dissolved inorganic nitrogen (NO5’)

*Values in parentheses indicate the mean concentration of each parameter.
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Table 6. Correlation coefficients of environmental indices during the ammonium-dominated case studies in the Geum-River Estuary

SS Chl-a NO; NH," NO, DIN RDIN DIP

Salinity 0.2837 04139 0.3267 -0.175 -0.293Y 03217 -0.2007 0.093
SS -0.210" 0.057 0.011 02159 0.044 -0.010 -0.004
Chl-a 0.178 0.204" 0.438? 0.210" 0.243Y 0.170
NO; 0.551? 0.328? 0.976? 0.574? 0.129
NH,* 0.106 0.717% 0.995? 0.613?
NO, 0.324? 0.200" 0.348?
DIN 0.738? 0.275?
RDIN 0.637?

D P<0.05, ? P<0.01
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