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Mercury Contents of Paddy Soil in Korea and its Uptake to Rice Plant
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ABSTRACT - Objective of this study was to investigate the residual levels of mercury (Hg) in soil for “Top-rice”
area and its uptake into rice plant for making sure food safety as compared to “Top-rice” & common rice produced
from 2005 to 2006. Hg was analyzed with the direct mercury analyzer (DMA 80, Milestone, Italy), which implements
the US/EPA method 7473. The average concentration of Hg in paddy soil was 0.031 mg/kg, which was below at 1/25-
1/65 fold of the threshold levels (concern level 4 mg/kg, action level 10 mg/kg) for soil contamination designated by
“The Soil Environment Conservation Law” in Korea. The maximum residue level (MRLs) for Hg residue in the pol-
ished rice is not designated in Korea. Therefore, Hg contents in the polished rice of “Top-rice” brand and common rice
were compared to other country's criteria. Hg contents in the polished rice of “Top-rice” brand was 0.0018 mg/kg,
which was lower at 1/10-1/30 fold than the MRLs, 0.02 mg/kg of China criteria and 0.05 mg/kg of Taiwan criteria,
respectively. Hg were 0.02788, 0.00896, 0.00182, 0.00189, 0.00166, 0.00452 and 0.00145 mg/kg in soil, rice straw,
unhulled rice, rice hulls, brown rice, rice bran, and polished rice produced in 2006 “Top-rice” area, respectively. For
the ratio of Hg as compared to Hg contents in soil, there were 0.321 of rice straw >> 0.162 of rice bran >> 0.068 of
rice hulls > 0.065 of unhulled rice > 0.060 of brown rice> 0.052 of polished rice. And, the slope of Hg uptakes was
steeped as following order; rice straw >> rice bran >> rice hulls > unhulled rice > brown rice > polished rice. It means
that the more slope steeped was the more uptakes. For the distribution of Hg uptaken, there was 83.8% into rice straw,
and 16.2% into unhulled rice, 2.8% into rice hulls, 12.4% into brown rice, 3.5% into rice bran and 9.7% into polished
rice. Consequently, it was appeared that the Hg contamination in the polished rice should not be worried in Korea.
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Fig. 1. Sampling location of “Top-rice” brand produced in 2005-
2006.
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Fig. 2. Ramp control of direct mercury analyzer (DMA-80) for sample drying and decomposition.
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Fig. 3. Calibration curve of direct mercury analyzer (DMA-80) with MESS-3 (marine sediment). (A) Low range (0.01-35 ng Hg), (B)

High range (35-600 ng Hg).
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Fig. 4. MESS-3 (marine sediment) was analyzed 18 times over a period of six month for long-term stability test. Hg certified value
0.091+0.009 mg/kg. The dotted lines are established in house acceptance limits.
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Table 1. Recovery test of mercury in SRM 1568a (rice flour), SRM 2710 (Montana soil) and MESS-3 (marine sediment)

Standard reference materials Certified value Measured value Recovery*
(mg/kg, Hg) (mg/kg, Hg) (%)
SRM 1568a 0.0058 + 0.0005 0.0056 % 0.0001 96.5
MESS-3 0.091 = 0.009 0.0886 + 0.0010 974
SRM 2710 326+ 1.8 32.04 + 0.3177 98.3
*Recovery(%) = Measured Value % 100

Cerified Value
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Fig. 5. Distribution of mercury concentration in paddy soil.
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Fig. 6. Distribution of mercury concentration in polished rice.
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Table 3. Distribution levels of mercury in soil, rice straw, unhulled rice, rice hulls, brown rice, rice bran and white rice from produced in
Top-rice area.

Item soil rice straw unhulled rice rice hulls brown rice rice bran polished rice
Hg (mg/ke) 0.02788 0.00896 0.00182 0.00189 0.00166 0.00452 0.00145
+0.02078 +0.00296 +0.00073 +0.00086 +0.00083 +0.00265 +0.00035
Relative Hg 1.00 0.321 0.065 0.068 0.060 0.162 0.052
RSD(%) 74.5 33.0 39.9 45.5 49.9 58.6 24.5

BWr| 0.052 o2 WA 9 AA F20] A EXEIA F71&717F ate AL BEY F TP i S5
C}(Table 3). = Ax7) Aves AL v]3thFig. 7).
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Fig. 7. Relationship mercury concentrations in soil and rice straw, unhulled rice, rice hulls, brown rice, rice brand and white rice from
produced in Top-rice area.

Table 4. Relative distribution of mercury uptaken into rice plant per hill

| Item rice straw rice unhulled rice brown rice polished
+ unhulled rice straw rice hulls rice bran rice
D 'Fwei ht (2) 77.457 39.641 37.815 6.242 31.573 3.291 28.282
ry welght (& £11.971 £5.731 6926  +1306  5.632 0552  £5.547
Relative dry weight (%) 100.0 51.2+2.7 48.8+2.7 8.1+0.7 40.8+2.2 4.2+0.8 36.5+2.4
Amount of Hg uptaken (mg) 4.24E-04 3.55E-04 6.87E-05 1.18E-05 5.24E-05 149E-05 4.10E-05

Relative distribution of Hg uptaken (%) 100.0 83.8+3.1 16.2+3.1 2.8+0.9 12.4+5.0 3.5x1.7 9.7+£2.7
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