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Total Mercury Contents in the Tissues of Zacco platypus and Ecological Health Assess-
ments in Association with Stream Habitat Characteristics. Lee, Eui-Haeng, Sang-Hun Yoon,
Jae Hoon Lee and Kwang-Guk An* (School of Bioscience and Biotechnology, Chungnam
National University, Daejeon 305-764, Korea)

This research was a preliminary case study to determine the levels of total mercury
in the tissues of sentinel species (Zacco platypus) and ecological health in relation to
habitat characteristics and chemical conditions. We collected fishes in Gap Stream
during June~ October 2007 and analyzed the total mercury from five types of tissues
such as liver, kidney, gill, vertebrae and muscle of Zacco platypus using Direct
Mercury Analyzer (DMA-80, US EPA Method 7473). Mean concentrations of total
[Hgl, based on all tissues, was 67.2 and 20.7 ug kg™!, in the upstream and downstream
site, respectively, indicating 3 times greater level in the upstream. In other words,
the levels were higher in the pristine upstream than the downstream influenced by
the wastewater disposal plant. Chemical water quality, based on BOD, COD and nutri-
ents (TN, TP) showed that severe degradation occurred in the downstreams than the
upstreams. Index of Biological Integrity (IBI) using fish multi-metric model ave-
raged 32, indicating a “good ~ fair” condition and varied from 42 (excellent~ good) at
S2 to 22 (fair ~ poor) at S5 depending on the sites sampled. Qualitative Habitat
Evaluation Index (QHEI) in the all sites averaged 142, which was judged as “good”
habitat health, but showed a high variation (181 in Site 2 vs. 67 in Site 5). Overall data
suggest that health conditions, based on IBI and QHEI, was better in the upstream
sites but the mercury bioaccumulation levels in the fish tissues were opposite. We
believe that measurements of various parameters are required for a diagnosis of
integrative ecosystem health.
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Fig. 1. The sampling sites in Gap Stream, tributary of
Geum River.
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Table 1. Total [Hg] concentration of each tissue on 2nd and 3rd analysis in Gap Stream. In the table, abbreviations are as
follows; Li=Liver, Ki=Kidney, Gi=Gill, Ve=Vertebra, Mu=Muscle.

2nd analysis

3rd analysis

Site Individual No. Tissue Mercury Site Individual No. Tissue Mercury
(Length, Weight) (ug kg™ (Length, Weight) (ug kg™
Li 54.3 Li 101.1
Ki 61.1 Ki 234.2
#1(9.5cm, 6 ) i 8.1 #1(12.5cm, 16 ) Gi 14.1
Ve 50.8 Ve 34.3
Mu 15.5 Mu 38.8
Li 76.2 Li 19.5
Ki 93.1 Ki 58.7
Upstrea
pfs % M 42(9.0em, 6¢) Gi 32.4 Upf;r;am #2 (12.6cm, 17 ) Gi 9.5
Ve 40.7 ) Ve 55.3
Mu 39.9 Mu 24.8
Li 101.5 Li 24.8
Ki 149.3 Ki 42.1
#3 (8.6cm, 6¢) Gi 19.3 #3 (11.3cm, 14 g) Gi 15.4
Ve 69.2 Ve 34.3
Mu 221.2 Mu 46.3
Li 11.9 1a 13.0
Ki - 20.6 Ki 32.7
#1 (11.0 cm, 9g) Gi 6.8 #1(11.8cm, 16 g) Gi 13.6
Ve 11.9 Ve 10.4
Mu 7.4 Mu 14.3
La 130.6 Li 12.4
Ki 91.3 Ki 15.5
D st '
OW(% 6; CAM 4o (9.8cm, 6g) Gi 3.3 Dow?sséream #2 (12,5 cm, 20 g) Gi 48
Ve 15.5 ) Ve 10.5
Mu 18.0 Mu 13.7
Li 48.2 ILa 8.2
Ki 32.3 Ki 12.7
#3 (9.0 cm, 5g) Gi 14.6 #3 (11.3cm, 16 g) Gi 8.0
Ve 19.3 Ve 8.8
Mu 19.2 Mu 12.7
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Fig. 2. Total [Hg] concentration in each tissue of Zacco platypus.
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Fig. 3. Relative bioaccumulation proportion of total [Hg]
in each tissue.
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Fig. 4. BOD, COD, TN, TP, EC and SS in Gap Stream.
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Table 2. The results of ecological health assessments, based on the 10 metric models after Karr (1981) and Barbour et aof.

(1999) in Gap Stream.

Slamp.hng TNS  RBS SS TS 08 IS cs  TNI xT A1 Model values

ocation (Criteria)
S1 14() 8(5)  4(3) 14(3) 2013) 64(5) 13(5) 368(5) 0() 11(1)  40(D
S2 16()  9(5)  4(3) 29(1) 81(3) 60(5)  5() 256(5) 0(B) 0() 42(~ID
S3 11(3)  7()  413)  42(1)  81(1)  17(1)  2(3) 344(5) 03(3) 03(3) 30D
sS4  18(5)  7(6)  7() 671  76(1)  23(3)  1(1) 242(5) 0()  0(5) 34(II~IID
S5 11(3)  2(1)  5(3) 68(1) 68(1) 3113 11 1333 0(G)  0(G) 22(I~IV)
S6 103 31  3(1) 31(1) 26(3) 663B) 8(5) 65(1) 0() 0()  30(ID
S7 155 1(1) 2 48(1) 383 54()  3(3)  96(1) 3.1(1) 811  26(ID

TNS=Total number of native species, RBS=Number of riffle benthic species, SS=Number of sensitive species, TS =Proportion individuals
as tolerant species, OS=Proportion individuals as omnivores, IS=Proportion individuals as native insectivores, CS=Proportion individuals
as native carnivores, TNI=Total number of individuals, XT=Proportion individuals as exotics, Al=Proportion individuals with anomalies,

I =Excellent, II=Good, [II=Fair, IV=Poor

Table 3. Qualitative Habitat Evaluation Index (QHEI) based on 11 metric attributes after An and Kim (2005) in Gap
Stream. In the table, abbreviations are as follows; I=Excellent, II=Good, III=Fair.

Habitat parameters S1 S2 S3 S4 SH S6 S7

M,; Substrate/Instream cover 16 15 5 13 3 11 18
M, Embeddedness 16 11 15 15 8 16 15
M; Flow velocity/ Depth combination 16 18 20 18 5 18 18
M, Bottom scouring & Sediment deposition 20 18 18 11 18 11 18
M; Channel flow status 10 15 16 13 20 10 16
M, Channel alteration 13 18 11 8 1 6 11
M. Frequency of riffles or bends 16 16 13 5 1 5 5
Mg Bank stability 20 20 19 17 2 10 13
M, Bank vegetative protection 20 20 19 20 2 13 14
M,, Riparian vegetative zone width 12 10 19 8 2 6 10
M;; Dam construction impact 11 20 16 8 5 13 10
o 170 181 171 136 67 119 148

Model values (Criteria) I~I)  (I~I)  (I~ID) (ID) MD  (I~TIID (D)
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