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Mathematical Models of Biological Monitoring of Atmospheric
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Abstract: Sulfur dioxide concentration, sulfation rate and fluoride contents in atmosphere around the Nanshan
district in Shenzhen were measured in summer and winter of 2000 using two different sampling methods (i.e.
conventional standard sampling and static suspending piece absorption). At the same time, sulfur and fluorine
contents in plant leaves were also measured. Regression analysis showed that pollutant concentrations in atmosphere
were significantly correlated with the pollutant contents (x) in plant leaves. On the basis of these correlations,
biomonitoring mathematical models for evaluation on air sulfation rate y were developed as y=0.781x—
0.754 for summer and y=1.88x-2.283 for winter, whereas on air fluoride y , y =0.363x — 7.511 for summer
and y=0.175x-3.461 for winter. It is suggested that the models are reliable.
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Table 1 Sulfur content in leaves (g S kg™) and atmospheric sulfur dioxide concentration (mg SO, m?)
Sampling sites
Monitoring Youth F. Language Xili
Station World School
S0, Measured 0.0527+0.005 0.0075+0.001 0.005+0.001 0.005+0.001
Summer Estimated* 0.0506 0.0139 0.0064 0.0008
S in leaves 1.399+0.12 1.297+0.09 1.276+0.07 1.256+0.10
SO, Measured 0.118+0.06 0.055+0.008 0.025+0.005 0.005+0.001
Winter Estimated* 0.1164 0.0588 0.0233 0.0043
S in leaves 1.527+0.11 1.412+0.06 1.341+0.08 1.303+0.05
* Estimated values are obtained from regression equation (model) (the same for Tables 4—6)
2 1 2
Table 2 Results tested by models (1) and (2)
Df SS MSE F P r
Regression 1 0.00157 0.00157 38.572 0.024959 0.951
Summer Residual 2 8.14E-05 4.07E-05
Total 3 0.001652
Regression 1 0.007276 0.007276 703.43 0.001419 0.997
Winter Residual 2 2.07E-05 1.03E-05
Total 3 0.007297
Df=Degree of freedom; SS=Sum of square; MSE=Mean squared error
3
Table 3 Results tested by regression coefficients
Coefficients SE t statistic P value
Summer Intercept -0.453 0.076 -5.974 0.027
X Variable 0.360 0.058 6.211 0.025
Winter Intercept -0.647 0.026 -24.548 0.002
X Variable 0.500 0.019 26.522 0.001
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Table 4 Sulfur content in leaves (g kg') and atmospheric sulfation rate (mg SO;100cm™?d™')
Sampling sites
Qianhai Monitor Lixiang Nanyou Youth F. Language  Xili Huagiao
Station School School World School School
S in leaves 1.448+ 1.399+ 1.385+ 1.325+ 1.297+ 1.276+ 1.256+ 1.168+
Summer 0.10 0.06 0.08 0.07 0.08 0.09 0.08 0.07
0363 0.358+ 0.347+ 0.282+ 0217+ 0.278+ 0.191% 0.176+
Sulfation  Measured 0.02 0.03 0.01 0.02 0.01 0.02 0.01 0.03
rate
Estimated 0.377 0.339 0.328 0.281 0.259 0.243 0.227 0.158
S in leaves 1.442+ 1.459+ 1.385+ 1.37+ 1.341+ 1.412+ 1.303+ 1.282+
Winter 0.08 0.05 0.06 0.09 0.08 0.10 0.06 0.08
0.51+ 0.394+ 0.329+ 0.254+ 0.2520+ 0.377+ 0.174+ 0.1210+
Sulfation  Measured 0.01 0.016 0.01 0.006 0.008 0.01 0.005 0.006
rate
0.428 0.460 0.321 0.293 0.238 0372 0.167 0.127

Estimated
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Table 5 Fluorine content in plant leaves (mg F kg™) and fluoride concentration in atmosphere(p. g F m?) tested by conventional method
Monitoring Station Youth World F. Language School Xili
F Finleaves 35.97+2.35 26.28+2.86 25.81+3.68 24.85+2.25
Summer Measured 1.5£0.15 1.32+0.20 1.31£0.12 1.18+0.11
Atmospheric Estimated 1.496 1.273 1.262 1.240
fluoride SE % 0.27 3.56 3.66 -5.08
F Fin leaves 30.42+4.32 34.36+3.23 28.15+2.56 30.9+3.12
Winter Measured 2.2+0.23 3.2+0.13 2.0+0.11) 2.5+0.14
Atmospheric Estimated 2.44 2.13 2.62 2.40
fluoride SE % 26.06 -6.50 -13.91 -20.0
6 mg F kg! ug F 100cm™=d™!
Table 6 Fluorine contents in plant leaves (mg F kg') and fluoride in atmosphere (. g F 100cm™d™)
tested by method of static suspending absorption
Sampling sites
Monitoring  Qianhai F. Language Lixiang Nanyou Xili Youth Huagiao
Station School School School World School
F F in leaves 3597+ 30.06+ 26.28+ 26.98+ 27.2+ 24.85+ 2581+ 25.57+
Summer 2.12 3.25 2.56 2.34 3.66 1.25 1.36 233
5.35+ 3.92+ 2.7+ 2.29+ 2.09+ 1.86+ 1.575+ 0.98+
Atmospheric  Measured 0.22 029 0.13 0.11 0.16 022 0.18 0.12
fluoride
5.55 3.40 2.03 2.28 2.36 1.51 1.86 1.77
Estimated
SE % -3.74 1326 2481 0.44 -12.92 18.82 ~18.10  -80.61
F F in leaves 30.42+ 41.78+ 3436+ 33.86+ 30.86+ 30.90+. 28.15+ 27.46+
Winter 3.21 5.24 3.33 3.45 3.56 1.23 3.12 2.43
213+ 3.81= 235+ 2,673+ 2283+ 220+ 1.42+ 1,003+
Atmospheric  Measured 0.15 0.13 0.19 0.12 0.18 0.15 0.11 021
fluoride
1.91 3.89 2.60 2.51 1.98 1.99 1.51 1.39
Estimated
SE% 10.33 2,10 ~10.64 6.10 13.27 9.54 634 3858
7
Table 7 Tested results of models and regression coefficients
Model test Regression coefficient test
P 2
Models  No. of sites F t
MSE SE
1 4 0.0016 38.57 0.058 6.21 0.025 0.95
2 4 0.007 703.44 0.019 26.52 0.001 0.99
3 8 0.035 37.19 0.128 6.10 0.0009 0.86
4 8 0.099 45.93 0.277 6.78 0.0005 0.88
5 4 0.044 11.41 0.007 3.38 0.078 0.85
6 4 0.788 40.60 0.031 6.37 0.024 0.95
7 8 12.23 44.17 0.055 6.65 0.0006 0.88
8 8 4.445 61.53 0.022 7.84 0.0002 091




398 11
14d
y=0363x-7.511 (r=0.94,n=8) (7) 12d
y=0.175x - 3416 (1=0.95,n=8) (8) (
y x 4 )
7 8
7
p<0.001
7 8 F
3 4
3 7 8
3.1
2
)
r [1] Zhang W P ,Shen Y W ,XinGH
A study on elimination capacity of crops and trees for SO, in
7 North China [J]. Chin Envir Sci 1988, 8(4):
b 3 4 7 8 11-16. (in Chinese)
[2] LUM ,LiYJ , LuJP . Absorption
p <0.01 I and purification of main Air pollutants by tree species [J]. Urban
6 p<0'05 Envir Urban Ecol 2002 15(2):7-9. in
5 Chinese
[3] LuM , LiY]J Research on atmospheric
pollutant absorption and purgation ability of some garden plants
[J]. J Shandong Inst Arch Eng , 2002,
17(2):45-49. in Chinese
[4] ZhenSY . Evolution of the effect of SO, pollution on
vegetation [J]. Ecol Sci , 2000, 19 1 :59-64 . (in
Chinese)
SO, [5] WangJ X , LiZF , QanDF
Plant monitoring of air pollution [J] . Envir Sci
1978, (5):7-12. in Chinese
[6] LiZF , QianDF , PanRG
3.2 Evaluation of air environmental quality by plants [J]. China Envir
Sci , 1982, (2):29-32. in Chinese
[71 YanLY ,ZhuT]J . Using plants to monitor
and evaluate atmospheric sulfur dioxide pollution in Guangzhou
city [J]. Acta Phytoecol Geobot Sin (
), 1983, 7(4):265-272. in Chinese
3 4 [8] Jiang GM . Application of Pinus tabulaeformis needles
7 ] in bio-monitoring atmospheric sulphur dioxide pollution in

Chengde city [J]. Urban Envir Urban Ecol
, 1995, 8(1):19-22. in Chinese
[9] ChenXY ( ), SongYC (
bio-indicator for monitoring atmospheric SO, pollution [J]. Chin J
Appl Ecol ( ), 1994, 5(3):303-308. in Chinese

[10] Ministry of Urban and Rural Construction and Environmental

). Vicia fabaused as a



399

[11] YuS W (

[12] YuMD (

[13]

Protection ( ). Analytical
Method for Environmental Monitoring [M]. Beijing: Chinese
Environmental Science Press, 1986.201-205, 221-223. (in Chinese)
), YanL'Y
in Air Pollution [M]. Guangzhou: Press of Zhongshan University,
1993. 11. (in Chinese)

), ZhangD Q ( ), YuQF ( ).
Changes in SO, in polluted ambient air by plant monitoring [J].
Envir Sci , 1987, (6) 25-29. in Chinese

Zhang D Q ( ) YuMD ( ) Kong G H ( )

et al. Evaluation of effects of atmospheric SO, and HF pollution

. Bio-monitoring Methods

[14]

[15]

on plants and environment in Humen district [J]. Agro-environ
, 1997, (5) 204-208. in Chinese

. Research o n quantitative models for

Prot
Jiang G M
bio-monitoring and bio-assessing air pollution with method of
measuring the sulfur content in plants [J]. China Envir Sci
,1995,15 3 208-214. in Chinese
XuWQ ( ) YanY M ( ) WuFZ ( ). A
statistical study of fluoride accumulation rule in mulberry leaves
[J]. Envir Poll Prev ( ), 1998,20 3 :19-21. in

Chinese



