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Abstract 

The tnethod of' the index of global po!l~ltiotz is t~sed to assess t12c 
health state at a given time, considering the quality of 3 or 

more environmentai factors (water, soil, air, flora, population, etc.). In 
order to evaluate the itnpact ofpollution on forest health, in this study, the 
method of the index of global pollution was applied to a site located ill u 
forest ecosystem from North Romania. The environnzental factors assessed 
were soil, air and forest health. For the soil state assessment, the soil pH 
and concentrations of K, Ca, Mg in soil solution were analysed. Tl7e air 
pollution state was estirnuted using the parameters qf the precipitation 
water and for the state of  .forest heulth, the defoliatiotz degree and the 
concentrations of nutrients in needles were evuluated. The calclilation of the 
index of global pollution, as a relation between thc ideal und the real state 
of the ecosystem alowed the evalrtation of the inzpact of pollution on the 
studied,forc.st ecosytem for the period 1998-2001. 

1. Introduction 

Researches concerning the complex phenomenon of ,,forest decline" 
were launched beginning with 1980 in order to explain the possible causes. 
On the basis of the results obtained, most of the specialists considered that 
the decline was deternlined by the conjugated action of more stress factors, 
biotic and abiotic (Manion, 1981; Ulrich 8( Matzner, 1983; Mc Laughlin, 
1985; Landmann, 199 1; Hanneberg, 1993). Pollution was considered as one 
of the main factors detennining ,,forest decline". 

In order to evaluate the impact of pollution on forest ecosystems, the 
method of the index of global pollution was considered useful (Macoveanu, 
2003). 
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This method makes possible the assessment of the health or 
pollution state of the environment and the quantitative interpretation of this 
state using an indicator (index of global pollution, IGP) defined as a ratio 
between the ideal value and the real value at a given moment of some 
indicators considered specific for the environmental factors analysed. The 
method consists of synthetic evaluations, based on quality indicators for 
each environmental factor and their further correlation using a graphical 
representation. Thus, for each environmental factor and for the environment 
health, evaluation grades are established , on the scale 1-10, considering the 
levels of quality indicators as imposed by national orland european 
standards. The 10 grade represent the natural state of the environment 
unaffected by human activities and the 1 grade represent an irreversible 
situation and seriously degradeted state for the environmental factor 
analysed. 

Generally, the evaluation of the environment quality for a certain site 
and at a given moment is possible by estimation the state of each considered 
environmental factor: air, water, soil, flora, population etc. Each factor can 
be characterized using quality indicators specific for the assessment of the 
pollution degree and for which exists accepted levels. Depending on the 
values of these indicators, the evaluation grade is estimated, considering the 
evaluation scale. 

In this study the method of the index of global pollution was used in 
order to assess the impact of pollution on a forest ecosystem located in 
North Romania, in the montain Rarau. 

2.. Materials and method 

For the studied forest ecosystem, three environmental factors were 
evaluated by the method of the index of global pollution: air, soil and forest 
health. 

Air quality was assessed using quality indicators of precipitation 
waters, considering that the precipitation droplets wash - out the gases and 
/or particles of pollutants from the atmosphere. 

Soil quality was estimated on the basis of results obtained for soil pH 
and the mean values of the concentrations of some nutrient elements in soil 
solution. 

The measurements of the parameters of precipitation waters, soil and 
soil solution were made on samples colleted in the site Rarau (table 1). The 



were performed at the chemistry laboratory of the Forest Research 
station Campulung Moldovenesc, Romania. 

In order to evaluate the forest health for the studied ecosystem, the 
results concerning the defoliation degree and the concentrations of some 
nutrient elements in spruce needles were analysed. The measurements were 
made in the framework of ICP Forests, but in another subprogrammes of 
research (Badea, 2002; Bolea, 1998). Observations concerning the 
defoliation degree were made at the site Rarau - spruce (Table 1). The 
needles analysed were collected from trees located in U.P. I, u.a. 94 C. 

The characteristics of sites and stands where measurements have 
been made are presented in table 1. 

Table 1 
The characteristics of sites and stands where measures were performed 

(Barbu, 1997; Badea, 2002) 

Precipitation samples were collected during the vegetation period 
using two collectors consisted of gutters, with a reception area of 0,l m', 
twice every month (on 1" and 16). 

During the cold season (november-march), when precipitations 
collected were usually snow, we used two collectors made of polyethilene 
bags, each of them with a cylinder reception area of 0.0093 m2 (within the 
period 1998-2000) and 0.028 m2 in 2001 (Barbu, 1997; 2000). Samples 
were collected once every month, on the IS' day. 

The volume of the sample collected with each collector was 
measured and then samples were mixed in order to obtain a mean sample, 
which was transported to the laboratory for analysis. 

For soil solution, gutters lysimeters fixed in the soil profile at 
different depths were used (Barbu, 1997). 

The soil samples for which the pH was determined had been 
collected from the site Rarau at 18.09.2001, from a soil profile dug close to 
the profile where soil solution was collected. The pH was measured in a soil 
solution prepared with 20 g soil and 50 ml distillated water for each sample. 

Age 
(ani) 
7 0 

5 7 

Site 
name 

Rarau 

Rarau - 
spruce 

U.P. 

I 

1 

u.a. 

89B 

94N 

Alti- 
tude (m) 

1 100 

1400 

Consis- 
tency 
0,8 

03 

Geographical coordinates 
Latitude 

25" 32' 1 1" 

25" 33'5 1" 

Longitude 
47" 28'34" 

47" 26'54" 



The methods of analysis for the parameters of precipitation and soil 
solution samples recommended by ICP Forests and those used in the 
laboratory of the Research Station Campulung Moldovenesc are presented 
in table2. 

The mineral ion fluxes were calculated according to: 

Ion flux Q = 
C P ~ * C ~  

, where 
100 

Flux of ion Q = quantity of ion Q, expressed in kghalyear 
Pi = quantity of precipitation, in mm 
Ci = concentration of ion Q, related to period i, expressed in mg/l 

Table 2 
Methods of analysis for precipitation water 

the thorin method 

-Isotope dilution 

Parameter 

Sulphate ion 
(s -so~~-)  

I I determination ) I 

I e. g. the Griess mehod 

Source for 
the ICAS 
method 
EMEP, 

1996 

Method recommended 
by ICP Forests 
(P.C.C., 1994) 

-Ion chromatography 
- Spectrophotometry, 

Nitrate 
(N-N03-) 

- Ion selective electrode 

Method used in the 
laaboratory ICAS 

Campulung Mold. 
Spectrophotometry, 
the thorin method 

- Ion chromatography 
- Spectrophotometry, 

Base 
cations: K, 

Ca, Mg 

Ammonium 
(N-NH~') 

method and flow 
injection analysis (FIA) 
- Ion selective electrode 

- Atomic absobtion 
spectrophotometry 

- ICP emission 

- Spectophotometry, 
e. g. the indophenol 

Spectrophotometry, 
the method with 
sodium salicylate 

Rodier, 
1984 

Spectrophotometry, 
the method with 
Nessler's reactiv 

I I spectrophotometry I 

et al.., 
1994 

~ t o m i c  absobtion 
spectrophotometry 

EMEP, 
1996 



The mean annual concentration for the ion Q was calculated as: 

Mean concentration of ion Q = 
z ~ i * c i  

, expressed in mg/l. Y pi 
Y 

3.Results and discussion 

The evaluation scale for the environment factor air was established 
taking in account the following indicators of the precipitation waters: the 
frequency of the months with acid precipitation (pHG.6) and mean annual 
fluxes of some mineral ions considered as pollutants (S-SO:., N-NO3-, N- 
N H ~ )  in bulkdeposition. 

Table 3 
The evaluation scale for the environmental factor air 

In order to establish the evaluation scale for the sulphate, nitrate and 
ammonium fluxes, the values obtained at european level between 1998- 
2001 were used. (Ulrich, 2002; EMEP, 2003). 

For the site Rarau, on the basis of the mean annual values of the four 
indicators considered, we calculated the mean values for the period 1998- 
2001 (last row in table 3). Considering that the four indicators analysed have 
the same weight for the evaluation of the factor air, we calculated the 
arithmetic mean of the grades and we obtained the value 6. 

The assessment of the environmental factor soil had been made 
using an evaluation scale that contaiils as indicators the soil pH 
(Vanmechelen et al., 1997) and the concentrations of the main base cations 
considered as nutrients (ca2+, M ~ ~ + ,  K') in soil solution. We appreciated 
that in soil solution, comparing with precipitation water, is more useful to 
consider the mean concentration than the ion fluxes in order to evaluate the 

Evaluation 
grade 

10 
6-9 
2-5 

1 
Rarau 

Frequency of 
months with acid 
precipitation (%) 

<I0  
10-50 
5 1-90 
>90 
40 

S-Sod2- 
(kg/ha/year) 

<4 
4-10 
10-20 
>20 
8,6 

N-NO3- 
(kghdyear) 

<2 
2-6 

6- 10 
>I0  
2,5 

N-N&‘ 
(kghdyear) 

< 1 
1-4 

4-10 
>10 
5,751 



content of the solution to which trees roots have access. The pH represents 
the soil acidity and the concentrations of the base cations mentioned have, in 
addition to the role of nutrient, the capacity of buffering the soil acidity. 

Table 4 
Evaluation grades for the environmental factor forest soil 

Evaluation 
grade 

10 

~ g ' '  and K' in soil solution we used the data available from the specialized 
literature, concerning the concentrations of these ions in soil solution 
collected at 10-20 cm depth in the soil profile (Nys, 1987, Ahmed, 1992, 
Marques, 1996, Boyle, 1997). Values obtained for the site Rarau were used 
for calculating the evaluation grade, considering that pH contribute with a 
weight of 50% and the base cations have a total weight of 50% (each cation, 
16,67%). We obtained the grade 7 for the environmental factor soil (table 
4). 

The environment factor forest health was evaluated considering as 
indicators the defoliation degree for the site Rarau-spruce in 1998 and 1999 
(Badea, 1999a) and the content of nutrients in spruce needles at the site 
Rarau, U.P I, u.a. 94G in 1996 (Bolea, 1998). Even if the needles analysed 

1 
Rarlu 

have been collected two years before the &riod considered for the other 

pH 
(soil) 
>6,0 

indicators, we appreciated that we can refer to the measurements made in 
1996, because the foliar analysis are performed every two years 
(Programme Coordinating Centres, 1994). 

The defoliation degree permit the clasification of trees in classes, 
according to table 5 (Badea, 1998). 

For the elaboration of the evaluation grades for the concentrations of ca2', 

L3,2 
5,03 

Ca (ms/l) 
(soil solution) 

>8,0 

c1,O 
20,80 

Mg (mg/l) 
(soil solution) 

>6,0 

K (mgll) 
(soil solution) 

>6,0 

<0,5 
2,30 

<0,5 
2,17 



Table 5 
Definition of defoliation classes 

At international level, the intensity of damage on forest is assessed 
considering the values of the percentage of trees serious defoliated (classes 
2-4 of defoliation), as follows: when this percentage is les than lo%, the 
forests are considered to be ,,slightly damaged"; when the proportion of the 
damaged trees has values between 11-20%, the forests are considered 
"moderately damaged" and when the ratio of the trees included in the 
defoliation classes 2-4 is grater then 20%, the forests are appreciated as 
"severely damaged (Badea, 1999b). On the basis of these reasons, we 
established the evaluation scale containing the evaluation grades correlated 
with the defoliation degree of the trees (table 6). 

For the estimation of the nutrition state of the trees we used the scale 
with optimal, critical and deficiency levels of major element concentrations 
in spruce needles(Bonneau et Solberg, 1994, citari de Bolea, 1998). 

The evaluation scale for the environment factor forest health is 
presented in table 6. 

Table 6 
Evaluation scale for the environmental factor forest health 

Defoliation class 
0 
1 
2 
3 
4 

Percentage of needles loss 
0-10 
1 1-25 
26-60 
6 1-99 

100 

Grades 

10 
8-9 
6-7 
4-5 
2-3 

1 
Rariiu 

Degree of defoliation 
Not defoliated 

Slightly defoliated 
Moderatly defoliated 

Severly defoliated 
Dead 

% trees in 
classes 2- 

4 of 
damage 

< 10 
1 1-20 
2 1-40 
4 1-60 
61-80 
>80 
24,2 

Element content (glkg) 
K 

>6,5 
5,31-6,5 
4,21-5,3 
3,71-4,2 
3,2-3,7 

<3,2 
2,5 1 

N 

>17 
15,l-17 
13,l-15 
10,l-13 

8-10 
<8 

9,23 

Ca 

>2,5 
2,ll-2,5 
171-21 
1,35-1,7 
1,O-1,35 

<1,0 
8,90 

P 

> 1,8 
151-18 
131-15 
1,ll-1,3 
0,9-1,l 

<0,9 
1,16 

M g 

> 1,2 
1,Ol-1,2 
0,81-1,0 
0,71-0,8 
0,6-0,7 

<0,6 
0,81 



Considering that the six indicators analysed have the same weight 
for the evaluation of the factor forest health, we calculated the arithmetic 
mean of the assessed grades and we obtained the value 5. 

The grades estimated for the three factors of environment analysed 
were used to elaborate the diagram from figure 1, as a method of simulation 
of the synergic effect produced by all types of pollution (Macoveanu, 2003). 

Table 7 
Values of the index of global pollution 

The value of the index of global pollution calculated for the forest 
ecosystem Rarau allow to estimate that the ecosystem is affected by the 
human activities, which cause discomfort conditions to the life forms. 

Value of the index of 
global pollution 

I G ~  = 1 
1 <Itip<2 

2<1~p<3 

3<I~p<4 

4 < 1 ~ ~ < 6  

1 ~ ~ > 6  

Soil 

Effects 

Natural environment unaffected by human activities 
Environment modified by human activities within 
admissible limits 
Environment modified by human activities causing 
discomfort conditions 
Environment modified by human activities causing distress 
to life forms 
Environment modified by human activities dangerous for 
life forms 
Degraded environment, not proper for life forms 

S, = area illustrating the ideal 
state of the environment 

S, = area illustrating the real 
/ state of the environment 

Air Forest 
health 

Figure 1. Diagram used to illustrate the calculation of the index of global 
pollution when three environmental factors are analysed 



Conclusions 

The method of the index of global pollution that was applied in this 
study permitted the evaluation of the impact of human activities, including 
pollution on the forest ecosystem from the mountain Rarau, Romania, 
within the period 1998-2001. On the basis of the value of this index we 
estimated that the effect of human activities cause discomfort conditions to 
the life forms. 

Even if this method has the disadvantage that it depends on the 
experience and the exigency of the evaluator, it has in the same time the 
advantage that it offers the possibility to evaluate and to compare the state 
of the same ecosystem at different moments and to estimate its evolution 
and it also permit to compare the state of more ecosystems for which the 
same factors and indicators have been analysed 
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