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Evaluation of Environmental Pollution
with Pine Needles by NAA

Kil Yong Lee, Yoon Yeol Yoon, Sang Kwon Shim, Myung Kwon Yang,
Bum Kyoung Seo and Yong Sam Chung*

Environmental Geology Division,
Korea Institute of Geoscience & Mineral Resources(KIGAM),
30 Kajung-dong, Yusung-ku, Taejon 305-350, Korea
*HANARO Center, Korea Atomic Energy Research Institute(KAERI),
P.O. Box 105 Yusung, Taejon, 305-600, Korea

NAA was applied to precision analysis of heavy metals in pine needles which is able to be sampled any-
where in Korea and the plant was also investigated to use as a biomonitor for environmental pollution monitoring.
Only one year old pine needle was taken from three different places of urban, suburban and rural area with sea-
sons. The pine needle sample was divided with two parts, and then one part was cleaned and the other was not.
Under the environment of air and soil, the contamination level of analytes was investigated. Some elements such
as As, Br, Ce, W, Zn have shown different characteristics with area, seasons and cleaning. It is found that pineneedle
is available as a biomonitor.

Key words: Pine needle, NAA, Heavy metals, Biomonitor, Environmental pollution
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¥
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4
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I

Fig. 1. Flow chart for sampling and NAA of pine needle.
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Table 1. Sampling and preparation of pine needle for the
environmental pollution monitoring

Procedure Condition and consideration

1. Sampling
Sampling area
Number of tree
Sampling hight 1.5~2.0m

Year of needle one year old

Sampling method pull out a needle a time with PE glove
Container cleaned PE zipper bag

Storage place dark and cool

more than 500ni
more than 20 trees per site

2.Preparing

Cleaning water-1% HCl-water
Drying freeze drying
Pulverizing 100 um with ball mill
Mixing 30 min with mixer mill
Storage Desiccator

Table 2. Analytical results of a SRM, NIST 1575 pine

needle
(unit:ppm)
Element NIST This Work Differences (%)

As 210 + 40 230+ 38 9.5
Au (0.60) 0.55+0.12 (8.3)
Br 9.0+0.9 9.2+0.8 2.2
Ca 4100+£200 3900 £ 220 4.8
Ce 210+ 50 220 + 45 4.7
Co 100+ 14 105+ 11 5.0
Cr 2602 25022 3.8
Eu 6.0+1.3 57+15 5.0
Fe 200 £ 10 210+ 20 5.0
K 3700 £200 3900 £ 250 5.4
La 200 £ 40 180 £ 22 10
Na (50) 48+ 12 4.0
Rb 12+0.1 12+0.1 0.0
Sh 200 £ 17 190 £ 21 5.0
Sc 308 33+6 10
Sm (20) 212 (5.0
Th 37+3 412 10
AW (50) 52+ 11 (4.0)
Zn 67) 596 12)

*NIST values in parentheses are not certified value (rec-
ommended or consensus mean value), Difference values in
parentheses are comparative value with the not certified
value.
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Table 3. Analytical results of fifteen elements in pine needles from urban area

(unit:ppm)
September November February April
Element

N C N C N C N C*
As 0.29 0.15 0.39 0.19 13 0.62 0.54 0.19
Au 0.0058 0.0035 0.011 0.0025 0.012 0.0066 0.010 0.0054
Br 4.7 3.6 3.8 2.2 5.2 4.0 6.6 51
Ca 5100 3700 4700 3300 5300 4700 4000 3400
Ce 0.72 0.18 0.74 0.32 0.93 0.66 0.62 0.38
Co 0.35 0.31 0.32 0.29 0.36 0.31 0.29 0.30
Cr 4.1 4.0 3.6 3.4 3.9 2.3 3.6 3.4
Eu 0.011 0.009 0.007 0.007 0.010 0.008 0.011 0.005
Fe 110 95 120 89 240 180 170 140
K 7600 7200 6600 5200 5000 4600 4700 4800
La 0.48 0.18 0.58 0.18 0.59 0.38 0.51 0.20
Na 53 24 86 29 130 79 110 110
Rb 17 13 9.6 7.8 6.1 4.8 7.4 7.2
Sb 0.10 0.093 0.097 0.093 0.16 0.095 0.23 0.16
Sc 0.030 0.020 0.033 0.024 0.081 0.041 0.059 0.053
Sm 0.044 0.023 0.050 0.042 0.098 0.045 0.047 0.020
Th 0.051 0.045 0.063 0.024 0.17 0.065 0.097 0.064
\ 0.26 0.15 0.31 0.14 0.21 0.23 0.18 0.057
Zn 74 62 60 57 80 75 36 30

*N,C: results from not cleaned and cleaned needle, respectively.
Table 4. Analytical results of fifteen elements in pine needles from suburban area
(unit:ppm)
September November February April
Element

N C N C N C N C
As 0.20 0.12 0.51 0.093 0.69 0.20 0.24 0.12
Au 0.0074 0.0049 0.0056 0.0016 0.0053 0.0048 0.0039 0.0015
Br 5.1 5.0 5.9 3.7 35 3.2 3.9 34
Ca 4900 3800 4400 3400 3200 2800 4500 3700
Ce 0.65 0.41 0.74 0.38 0.69 0.63 0.69 0.35
Co 0.49 0.36 0.52 0.32 0.36 0.31 0.41 0.38
Cr 1.8 1.9 1.9 1.7 1.9 1.6 2.7 2.5
Eu 0.012 0.0065 0.016 0.009 0.012 0.012 0.015 0.007
Fe 170 130 160 120 160 130 160 110
K 6600 6400 6300 4300 6200 5100 3400 2700
La 0.79 0.36 0.52 0.22 0.70 0.60 0.38 0.22
Na 180 140 49 39 30 51 110 110
Rb 12 11 15 12 10 10 7.1 3.8
Sh 0.09 0.062 0.062 0.061 0.11 0.089 0.18 0.095
Sc 0.032 0.024 0.029 0.022 0.038 0.023 0.034 0.029
Sm 0.012 0.065 0.083 0.044 0.060 0.023 0.045 0.023
Th 0.090 0.077 0.063 0.021 0.087 0.054 0.14 0.072
A\ 0.82 0.065 0.49 0.15 0.068 0.042 0.13 0.064
Zn 78 54 75 59 63 62 74 69

*N,C: results from not cleaned and cleaned needle, respectively.
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Table 5. Analytical results of fifteen elements in pine needles from rural area

(unit:ppm)
September November February April
Element
N C N C N C N C

As 0.076 0.052 0.075 0.038 0.32 0.19 0.28 0.088
Au 0.0030 0.0013 0.0040 0.0010 0.0050 0.0020 0.0021 0.0018
Br 2.7 2.3 33 2.5 3.8 3.7 34 2.6
Ca 3500 2800 3700 2700 3800 2800 2900 2600
Ce 0.56 0.50 0.59 0.48 0.55 0.53 0.63 0.23
Co 0.57 0.48 0.61 0.58 0.65 0.54 0.35 0.33
Cr 33 33 2.6 2.6 3.0 2.7 2.8 2.5
Eu 0.0065 0.0068 0.0055 0.0056 0.011 0.0053 0.011 0.0066
Fe 130 98 100 77 130 94 160 100
K 5700 5600 5800 5200 5200 5100 4800 4500
La 0.26 0.17 0.36 0.12 0.26 0.17 0.21 0.15
Na 86 30 50 38 74 62 120 50
Rb 13 11 8.9 8.3 8.4 6.7 6.9 5.4
Sb 0.039 0.039 0.037 0.035 0.099 0.068 0.10 0.045
Sc 0.048 0.027 0.047 0.027 0.044 0.036 0.045 0.023
Sm 0.035 0.023 0.021 0.017 0.038 0.026 0.020 0.0091
Th 0.051 0.035 0.047 0.037 0.066 0.045 0.074 0.041
W 0.29 0.092 0.15 0.035 0.096 0.034 0.13 0.033
Zn 33 21 35 27 35 23 26 24

*N,C: results from not cleaned and cleaned needle, respectively.
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Fig. 2. Mean concentration ratios of uncleaned(upper) and cleaned(middle) pine needle and airborne particulate
matter(APM, lower) in urban and suburban area based on rural area. (APM data=uncleaned value-cleaned value,
Pine Needle data=cleaned value)
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