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Introduction 

Pregnancy is a physiological condition expected to result 

in a fairy tale but may end up in a nightmare. Poor obstetric 

history, maternal risk factors, obstetrical complications, the 

mental and emotional capacity of the individual, and previous 

labor/birth experiences may all influence the feelings of a 

pregnant woman (1). Providing a better psychological atmo-

sphere for a pregnant woman is one of the goals of antenatal 

care programs. Any implementation that may improve mater-

nal feelings is advisable and should be encouraged, especially 

in high-risk pregnancies (HRPs).  

A successful antenatal care program necessitates compre-

hensive follow-up programs and surveillance methodologies 

to have a satisfactory pregnancy outcome. Risk/problem as-

sessment is one of the main targets of the follow-up protocols 

(2). Perinatal surveillance is necessary, especially for HRPs 

after the 24th gestational week to achieve better perinatal mor-

 Copyright© 2024. Beksac et al. This article is distributed under a Creative Commons Attribution 4.0 International License.

How Does Listening to “Fetal Heartbeats” Affect the Feelings of 
Pregnant Women? 

Mehmet Sinan BEKSAC1,2,3, Canan UNAL1,4, Burcu YALANIZ1, Murat CAGAN1,5, Atakan TANACAN1,6,  

Erdem FADILOGLU1, Hanife Guler DONMEZ7 

Ankara, Türkiye 

ABSTRACT 

OBJECTIVES: This study was conducted to evaluate the impact of listening to fetal heartbeats (FHBs) 

on the feelings of normal and high-risk pregnancies (HRPs), and to learn the colors and geometrical fig-

ures representing their feelings. 

STUDY DESIGN: This retrospective cohort study consisted of 291 pregnant women who applied for a 

non-stress test (NST). Participants were divided into two groups; 1: Normal pregnancies (Group1) and 

2: HRPs (Group2). Demographic variables, feelings in response to listening to FHBs (negative, neutral, 

positive), grade mark (0-10) of feelings, color (warm, neutral, cold), and figure (simple, complex) prefer-

ences were retrospectively evaluated. 

RESULTS: Of the 291 women, 172 (59.1%) Group 1 participants were compared to 119 (40.9%) Group 

2 participants. Group 1 and Group 2 had similar feelings (p>0.05), however, the rate of negative feel-

ings was higher in Group 2 (11.6% vs. 20.2%). Higher marks were observed in Group 2 with happiness 

and peace/relaxation after listening to FHBs. Fear was the lowest mark in women with positive/neutral 

feelings in both groups. Women in Group 1 preferred warm colors regardless of their feelings. Women 

in Group 2 who have positive feelings chose warm colors, whereas women who felt neutral or negative 

more commonly chose cold (55.5%) and neutral (41.7%) colors (p=0.017). Independent of feelings, sim-

ple figures were predominately preferred (p=0.04). 

CONCLUSION: NST is more than a perinatal surveillance method and listening to FHBs has a positive 

impact on the feelings of pregnancies. Warm colors were commonly related to positive feelings. Simple 

figures were preferred regardless of feelings. 
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bidity and mortality rates (3). Non-stress test (NST) after the 
28th gestational week is one of the widely used methodologies 
within the framework of perinatal surveillance programs (4). 
NST is used to evaluate fetal well-being and its application is 
also critical not to have medical and legal problems (5). We 
believe that NST is more than a perinatal surveillance method-
ology and listening to fetal heartbeats (FHBs) may also have 
a positive or negative impact on the feelings of the pregnant 
woman. On the other hand, maternal feelings also influence 
fetal physiology (6,7). Thus, NST provides a kind of maternal-
fetal communication, and it may ensure maternal relief or pro-
voke negative feelings. At this point, it is critical to know the 
patients with negative feelings in response to listening to 
FHBs to arrange better psychological support or treatment not 
to have antenatal care difficulties.   

It has been reported that environmental stimulants such as 
colors and geometrical structures of objects may affect the 
feelings of people (8). We believe that the compliance of pa-
tients’ sense of aesthetics and environmental conditions may 
influence their feelings during NST. Decorations of the rooms, 
the colors of the walls, the presence of paintings, and other 
artistic tools are all crucial in affecting the feelings of patients 
(9). Thus, knowing the colors and the geometrical figures that 
were brought to mind while listening to FHBs may be impor-
tant in constructing better hospital settings. 

In this study, we aimed to demonstrate the impact of lis-
tening to FHBs on the feelings of normal and high-risk preg-
nant women and to learn the colors and the geometrical figures 
representing their feelings.  

Material and Method 

This retrospective cohort study was conducted among 291 
pregnant women who applied for NST during the antenatal 
care program who had been admitted to a pre-pregnancy coun-
seling program for women with poor obstetric history between 
2016 and 2019 at the Perinatology Outpatient Clinic. The 
questionnaire was retrospectively evaluated by the expert 
(Table I). In the first step, demographic characteristics and 
clinical findings of the patients (maternal age, gravidity, par-
ity, number of miscarriages, and education status of pregnant 
women) were analyzed and the patients were divided into two 
groups; Group 1: Normal pregnancies and Group 2: HRPs.  

HRP was defined as patients with “poor obstetric history” 
(POH), obstetrical complications (early pregnancy bleeding, 
fetal growth restriction, preterm contractions, preeclampsia, 
etc.), and maternal risk factors for obstetric complications 
(metabolic, immunological, inflammatory, etc.). The data 
were retrieved from the electronic database of the Division of 
Perinatology.  

Group 1 (normal) and Group 2 (HRP) were compared in 
terms of maternal age, gravidity, parity, the number of previ-

ous miscarriages, educational status (illiteral, primary school, 
secondary school, high school, university), and gestational 
week at NST application. 

In the second step of the retrospective study, the recorded 
descriptions of pregnant women's “feelings/emotions” in re-
sponse to listening to fetal heartbeats (FHBs) at the end of the 
non-stress test (NST) were analyzed. The emotions had been 
categorized as happiness, peace/relaxation, excitement, lack of 
negative feelings, anxiety/concerns, and fear. Each emotion had 
been graded on a scale from 0 to 10 for further evaluation, with 
0 representing the weakest and 10 representing the strongest in-
tensity. Additionally, the patients selected a color and a geo-
metrical figure from related scales to represent the feelings that 
were brought to their minds while listening to FHBs (Table I). 

Classification of study groups according to patients’ feelings

Positive feeling group Happiness 
Peace/relaxation, 
Excitement 

Neutral feeling group Lack of negative feelings

Negative feeling group Anxiety/concerns 
Fear 

Classification of preferred colors

Warm colors Yellow 
Red 
Orange 
Pink 

Neutral colors White 
Black 
Gray 

Cold colors Blue 
Green 
Purple 
Brown 

Classification of preferred figures

Simple

Complex

Table I: Description and classification of feelings, colors, and figures.
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Colors were grouped as warm, cold, and neutral while the 

figures were divided into two as simple and complex (10). 

Yellow, red, orange, and pink were defined as warm colors, 

while blue, green, purple, and brown were cold colors. On the 

other hand, white, black, and gray were neutral colors. The 

simple figures specified in the questionnaire were a rectangle, 

hexagon, and circle. The complex figures were rectangles, 

hexagons, and circles with an "X" mark on them representing 

failure and negativism (Table I).  

NST was applied in a separate room starting at the 28th 

gestational week according to standard protocol. The ques-

tionnaire, which was created from scratch due to the absence 

of a standard, known set of features associated with the pa-

tient’s feelings, was completed under the supervision of a 

nurse. 

Statistical analyses were performed with the Statistical 

Package for the Social Sciences v22 (SPSS.22, IBM SPSS 

Statistics for Windows, Version 22.0. Armonk, NY: IBM 

Corp.). Data were evaluated for normality of distribution by 

visual and analytic analysis. Due to the lack of normal distri-

bution of cases, median values together with range were used. 

Categorical variables were compared using the Chi-square test 

and Fisher’s exact. Pair-wise comparisons were performed by 

Mann Whitney U test or chi-square test according to the char-

acteristics of the data in case of statistically significant differ-

ences between the groups. Bonferroni correction was applied 

to pairwise comparisons. A p-value of <0.05 was considered 

statistically significant. This study was approved by the insti-

tutional ethics committee and implemented according to the 

Declaration of Helsinki (GO19-1064). 

Results 

Demographic and clinical characteristics of the normal 

(Group 1) and high-risk (Group 2) pregnancies are shown in 

Table II. Maternal age, gravidity, and the number of previous 

miscarriages were significantly higher in Group 2 compared to 

Group 1 (p values were 0.004, ˂0.001, and ˂0.001, respec-

tively), while gestational week at NST application was sig-

nificantly lower in Group 2 (p˂0.001). 

The distribution of feelings, color choices, and figure pref-

erences of normal and high-risk pregnancies are shown in 

Table III. Group 1 and Group 2 had similar feelings (p>0.05), 

however, the rate of negative feelings was higher in Group 2 

(11.6% vs. 20.2%). Higher grade marks were observed in 

Group 2 with happiness and peace/relaxation after listening to 

fetal heartbeats. Fear was the lowest grade mark in women 

with positive/neutral feelings in both groups. Women in 

Group 1 preferred warm colors regardless of their feelings. 

Women in Group 2 who have positive feelings chose warm 

colors, whereas women who felt neutral or negative more 

commonly chose cold (55.5%) and neutral (41.7%) colors 

(p=0.017). Independent of their feelings, all women predomi-

nately preferred simple figures (p=0.04). 

DISCUSSION 

The physician aims to provide the complete well-being of 

their patients both physically and psychologically. Here 

comes the importance of maternal-fetal communication to 

overwhelm the negative feelings of the mother in terms of 

fetal well-being. The ambiance and harmony of the obstetrics 

services should be optimal for obtaining favorable results. 

NST is not only a dedicated test to evaluate fetal well-being, 

but also it may be considered a bridge for trust between the 

mother and fetus (6). Furthermore, it may relieve physicians 

who are also anxious about the status of the fetus. Thus, any 

effort to improve the mood of pregnant women will be bene-

ficial to achieve a better perinatal outcome, especially in high-

risk pregnancies. 

Listening to FHBs is very attractive for a pregnant woman 

because it is the confirmation of the livelihood of the baby. It 

Table II: Demographic and clinical characteristics of the normal (Group 1) and high‐risk (Group 2) pregnancy groups. 

Normal pregnancy group Highrisk pregnancy group p 
(Group 1) (n=172)  (Group 2) (n=119)  

Maternal age (years) (median, IQR)a 28 (8) 30 (7) 0.004 
Graviditya 2 (2) 3 (2) <0.001 
Paritya 0 (1) 1 (1) 0.280 
Number of previous miscarriagesa 0 (0) 1 (2) <0.001 
Educational status (n,%)b    
Illiteral 1 (0.5%) 0 (0%)  
Primary school 33 (19.1%) 19 (16%)  
Secondary school 20 (11.6%) 14 (11.7%) 0.840 
High school 57 (33.1%) 39 (32.7%)  
University 61 (35.4%) 47 (39.4%)  
Gw at NST applicationa 37 (3) 33 (6) <0.001  

IQR: Inter-quartile range, Gw: Gestational week, a: Statistical analysis was performed by Mann-Whitney U test, b: Statistical analysis was performed 
by Chi-square test. 
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Normal Pregnancy Group 
(Group 1) (n= 172)

Highrisk Pregnancy Group 
(Group 2) (n=119) 

p

Feeling Groups 
n (%)

positive neutral negative positive neutral negative

120 
(69.8) 

32 
(18.6) 

20  
(11.6)

77 
(64.7) 

18 
(15.1) 

24 
(20.2) 0.125

Grade of feelings (0 to 10) (median, IQR)

Happiness 8 (3) 8 (5) 6 (5) 10 (3) 7 (5) 6.5 (3) 

Peace/relaxation 8 (3) 7 (3) 5 (6) 10 (3) 7 (4) 6 (3) 

Excitement 8 (5) 5 (5) 8 (3) 7 (5) 4 (5) 7 (4) 

Lack of negative feelings 5 (2) 6 (3) 4 (2) 5 (3) 6 (4) 5 (3) 

Anxiety/concerns 4 (5) 3 (5) 8 (5) 5 (5) 3 (5) 9 (2) 

Fear 2 (6) 2 (3) 6.5 (4) 3 (3) 2 (5) 7 (4) 

Color preferences (n, %)b

Warm colors 53 (44.2) 15 (46.9) 13 (65) 35 (45.5) 3 (16.7) 8 (33.3) 

0.017Neutral colors 28 (23.3) 3 (9.4) 6 (30) 18 (23.4) 5 (27.8) 10 (41.7) 

Cold colors 39 (32.5) 14 (43.7) 1 (5) 24 (31.1) 10 (55.5) 6 (25) 

Figure preferences (n, %)b

Simple figure 101 (84.1) 29 (90.6) 15 (75) 67 (87) 14 (77.8) 15 (62.5) 
0.04

Complex figure 19 (15.8) 3 (9.4) 5 (25) 10 (13) 4 (22.2) 9 (37.5) 

Table III: Distribution of the grades of feelings, color choices, and figure preferences of normal and high‐risk pregnancies.

IQR: Inter-quartile range, b: Statistical analysis was performed by Chi-square test.

evokes various feelings related to the health of the fetus and 
gestational outcome. Interestingly, the rates of negative feel-
ings were found to be 11.6% in normal pregnancies while 
these rates were 20.2% in HRPs. The expected result may be 
that listening to the fetal heartbeat in HRPs would increase 
maternal positive feelings. However, HRPs consider the NST 
test as a fetal health indicator or individual exam. This can be 
interpreted as hearing fetal heartbeats during NST increases 
anxiety. Furthermore, some HRPs may have negative feelings 
about NST due to poor obstetric history. Up to 10 to 15 per-
cent of pregnancies are complicated by depression and anxiety 
disorders (11). Maternal risk factors, obstetrical complica-
tions, hormonal alterations, anxiety related to the well-being 
of the baby, lack of support from the family, and the burden of 
responsibility for a newborn are some of the main reasons be-
hind these psychological disorders. Moreover, pregnant 
women with POH are at higher risk for stress and the antena-
tal follow-up protocols should be performed more attentively 
in these groups of patients (11). Intriguingly, HRPs who feel 
positive after listening to the fetal heartbeats mostly choose 10 
in the rating up to 0-10. This shows women who felt positive 
emotions after listening to the fetal heartbeats described it as 
a very strong feeling if they felt positive.  

Color psychology is considered to be a very complex area 
of research (12,13). There is significant progress in research 
on color and psychological functioning, but much more theo-
retical and empirical work is needed (14). However, based on 
the effects of colors on psychology, we believe that colors can 

be used to positively affect the emotions of pregnant women. 
Many studies have investigated the effects of colors on people 
(15-17). Color is thought to be much more than just aesthetics. 
Colors can contain important information and have a signifi-
cant impact on people's effects, cognition, and behavior (18). 
The researchers also aim to obtain information about atten-
tion, perception, mutual communication, and the biology-cul-
ture interface through colors (18). The effect of colors was 
studied in certain patient groups to enable the optimization of 
inpatient and outpatient clinics, and the utilization of certain 
treatment modalities (19). It has also been reported that even 
the existence of any color instead of black and white figures 
may be effective in coping with stress. (20) Colors are classi-
fied into many types. A common classification is warm and 
cold colors, which were initially classified according to opti-
cal refraction (16,21). In this study, we tried to evaluate the re-
lationship between colors/figures and feelings.   

The relationship between color and psychological function 
was examined and the effect of red on performance was eval-
uated. Red is thought to be associated with performance im-
pairment, as it evokes feelings of failure and avoidance (22). 
In another study on the interaction of mood and performance, 
researchers have shown that blue is a calming color and that 
red is a stimulating color that can interact with other environ-
mental factors (17). In addition, a study evaluating emotional 
responses to colors confirmed the calming effect of green (21). 
In a study to describe the effect of colors on the recovery of 
patients after total hip or knee arthroplasty, rehabilitation in 
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standard and colored patient rooms was compared. The au-
thors found that colors had a positive effect on patients' post-
operative quality of life (23). In a study that tested the effects 
of coloring in healthcare, it was found that the stimulant effect 
of the color orange compared to white was greater than the ef-
fect of the green color in reducing stress (24). 

In this study, all women in the normal pregnancy group 
mostly preferred warm colors (yellow, red, orange, and pink) 
independent of their feelings. HRPs who have positive feel-
ings also chose warm colors, whereas women who felt neutral 
or negative more commonly chose cold (55.5%) and neutral 
(41.7%) colors. Therefore, we may suggest that the use of 
warm colors may be effective for patients to cope with stress 
even if they are in a negative mood.   

We have also performed comparisons according to the fig-
ure selection of patients. We have used simple images for an 
applicable comparison and demonstrated that patients with 
negative feelings tend to choose complex figures as mentioned 
above. Thus, we may conclude that the simplicity of the envi-
ronment may be chosen during NST. Simple figures may be 
used for the decoration of patient rooms due to the association 
between complex figures and negative feelings. Our findings 
may be used by architects in the design of hospital settings, es-
pecially NST rooms. Every patient wants to be treated in a 
peaceful environment. Decorating the hospital settings may be 
one of the key points to creating a healthy relationship be-
tween the patients and the physicians.  

The limitation of this study is the relatively low number of 
patients. On the other hand, to the best of our knowledge this 
is the first study in the literature describing the impact of lis-
tening to fetal heartbeats (FHBs) on the feelings of normal and 
high-risk pregnant women, and to learn the colors and the ge-
ometrical figures representing their feelings. 

Conclusion 

In conclusion, warm colors, and the simplicity of the envi-
ronment may have a calming effect on pregnancies. NST is 
more than a perinatal surveillance methodology and listening 
to FHBs is influential on the feelings of pregnancies.  

Declarations 
Ethics approval: This retrospective study was approved by the 
University Ethics Committee with reference number GO19-
1064. All procedures were performed according to the 
Declaration of Helsinki. 
Availability of data and materials: The data supporting this 
study is available through the corresponding author upon rea-
sonable request.  
Competing interests: The authors declare that they have no 
competing interests. 
Funding: None 
Authors’ Contributions: MSB contributed to the study concep-

tion and design. Data collection was performed by BY, CU, 
EF, MC, and AT. Statistical analysis was performed by CU, 
EF, and AT. The first draft was written by MSB, EF, and HGD. 
Critical reading was performed by HGD and MSB. All au-
thors read and approved the final manuscript. 

References 

1. Kingston D, Heaman M, Fell D, Dzakpasu S, Chalmers B. 
Factors associated with perceived stress and stressful life 
events in pregnant women: findings from the Canadian 
Maternity Experiences Survey. Matern Child Health J. 
2012;16(1):158-68. Doi: 10.1007/s10995-010-0732-2. 
PMID: 21165763. 

2. Villar J, Bergsjø P. Scientific basis for the content of rou-
tine antenatal care. I. Philosophy, recent studies, and 
power to eliminate or alleviate adverse maternal out-
comes. Acta Obstet Gynecol Scand. 1997;76(1):1-14. 
Doi: 10.3109/00016349709047778. PMID: 9033238. 

3. Umana OD, Siccardi MA. Prenatal Nonstress Test. 2023 
Aug 7. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2024. PMID: 30725808. 

4. Practice bulletin no. 145: antepartum fetal surveillance. 
Obstet Gynecol. 2014;124(1):182-92. Doi: 10.1097/ 
01.AOG.0000451759.90082.7b. PMID: 24945455. 

5. McRae MJ. Fetal surveillance and monitoring legal issues 
revisited. J Obstet Gynecol Neonatal Nurs. 1999;28(3): 
310-9. Doi: 10.1111/j.1552-6909.1999.tb01996.x. PMID: 
10363543.  

6. Nergiz Avcioğlu S, Altinkaya SÖ, Kurt Ömürlü I, Küçük 
M, Demircan-Sezer S, Yüksel H. Impacts of maternal anx-
iety on non-stress test parameters. Clin Exp Obstet 
Gynecol. 2016;43(6):830-35. PMID: 29944232. 

7. Sjöström K, Valentin L, Thelin T, Marsál K. Maternal 
anxiety in late pregnancy and fetal hemodynamics. Eur J 
Obstet Gynecol Reprod Biol. 1997;74(2):149-55. Doi: 
10.1016/s0301-2115(97)00100-0. PMID: 9306108. 

8. Yang AC. The role of color in palliative care for children. 
ACM Int Conf Proceeding Ser. 2019:27-31. Doi:10. 
1145/3340074.3340098. 

9. Pongan E, Tillmann B, Leveque Y, Trombert B, Getenet 
JC, Auguste N, et al. Can musical or painting interven-
tions improve chronic pain, mood, quality of life, and cog-
nition in patients with mild Alzheimer's Disease? Evi -
dence from a Randomized Controlled Trial. J Alzheimers 
Dis. 2017;60(2):663-77. Doi: 10.3233/JAD-170410. 
PMID: 28922159. 

10. Hanada M. Correspondence analysis of color–emotion as-
sociations. Color Res Appl. 2018;43:224-37. Doi: 
10.1002/COL.22171. 

11. Koutra K, Chatzi L, Bagkeris M, Vassilaki M, Bitsios P, 
Kogevinas M. Antenatal and postnatal maternal mental 
health as determinants of infant neurodevelopment at 18 
months of age in a mother-child cohort (Rhea Study) in 



Gynecology Obstetrics & Reproductive Medicine 2024;30(2):101-106  106

Crete, Greece. Soc Psychiatry Psychiatr Epidemiol. 
2013;48(8):1335-45. Doi: 10.1007/s00127-012-0636-0. 
PMID: 23248031. 

12. Lee K, Park RH, Lee SW. Colour matching for soft proof-
ing using a camera. IET Image Processing. IET Image 
Process. 2012;6(3):292-300. Doi: 10.1049/iet-ipr. 2011. 
0046.  

13. Kuehni RG. Color: an introduction to practice and princi-
ples; 3rd Ed. Philadelphia: Wiley; 2015. 

14. Elliot AJ. Color and psychological functioning: a review 
of theoretical and empirical work. Front Psychol. 
2015;6:368. Doi: 10.3389/fpsyg.2015.00368. PMID: 
25883578, PMCID: PMC4383146. 

15. Kwaleek N, Lewis C, Lin-Hsiao J, Woodson H. Effects of 
nine monochromatic office interior colors on clerical tasks 
and worker mood. Color Res Appl. 1996;21:448-58. Doi: 
10.1002/(SICI)1520-6378(199612)21:6. 

16. Küller, R., Mikellides, B. Simulated Studies of Color, 
Arousal, and Comfort. In: Marans, R.W., Stokols, D. (eds) 
Environmental Simulation. Springer: Boston, 1993. Doi: 
10.1007/978-1-4899-1140-7_7  

17. Stone NJ. Environmental view and color for a simulated 
telemarketing task. J Environ Psychol. 2003;23(1):63-78. 
Doi: 10.1016/S0272-4944(02)00107-X. 

18. Elliot AJ, Maier MA. Color psychology: effects of per-
ceiving color on psychological functioning in humans. 
Annu Rev Psychol. 2014;65:95-120. Doi: 10.1146/an-
nurev-psych-010213-115035. PMID: 23808916. 

19. Carruthers HR, Morris J, Tarrier N, Whorwell PJ. Mood 
color choice helps to predict response to hypnotherapy in 
patients with irritable bowel syndrome. BMC 
Complement Altern Med. 2010;10:75. Doi: 10.1186/ 
1472-6882-10-75. PMID: 21138549, PMCID: PMC 
3008688. 

20. Saito Y, Tada H. Effects of color images on stress reduc-
tion: Using images as mood stimulants. Japan J Nurs Sci. 
2007;4:13–20. Doi: 10.1111/j.1742-7924.2007.00068.x. 

21. Kaya N, Epps HH. Relationship between color and emo-
tion: a study of college students. Coll Stud J. 2004;38:396-
406. 

22. Elliot AJ, Maier MA, Moller AC, Friedman R, Meinhardt 
J. Color and psychological functioning: the effect of red 
on performance attainment. J Exp Psychol Gen. 
2007;136(1):154-68. Doi: 10.1037/0096-3445.136.1.154. 
PMID: 17324089. 

23. Eminovic S, Vincze G, Fink A, Fischerauer SF, Sadoghi 
P, Leithner A, et al. Positive effect of colors and art in pa-
tient rooms on patient recovery after total hip or knee 
arthroplasty: A randomized controlled trial. Wien Klin 
Wochenschr. 2022;134(5-6):221-6. Doi: 10.1007/s00508-
021-01936-6. PMID: 34491443, PMCID: PMC8921019. 

24. Dijkstra K, Pieterse ME, Pruyn ATH. Individual differ-
ences in reactions towards color in simulated healthcare 
environments: The role of stimulus screening ability. J 
Environ Psychol. 2008;28:268-77. Doi: 10.1016/J. 
JENVP.2008.02.007. 


