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Abstract Humans now spent most of their time

indoor where they can be exposed to various aerocon-

taminants, among which pollen. The question of

remanence of pollen grains indoor is important because

allergic patients could get symptoms from these indoor

pollen far away from the pollination period but the

temporal relationship between both phenomenons is

poorly documented. In this study, we monitored pollen

counts both in house dust samples and outdoor pollen

traps during the whole pollen season in Southern France

and computed the influx and remanence of various

pollen species throughout the pollen season. Five

families living in the same street volunteered to

participate. Monitoring of indoor pollen counts was

performed at four occasions through sampling of house

dust from the living room. During the same period,

outdoor pollen counts were monitored using a Burkard

pollen trap. Pollens from 73 taxa were identified on the

house dust samples collected indoor. For each pollen

type, indoor pollen count dynamics were consistent

with the observed pollen counts in Burkard traps over

the whole pollination period. Two groups of pollen

types can be defined on the basis of these results: the

first group includes Platanus, Quercus and Cupressa-

ceae which exhibit high remanence and a low penetra-

tion, and the second group contains species with high

penetration but various remanence. Date of sampling

was the main factor affecting penetration coefficients

very low in winter, to moderate in spring and huge in

summer. Pollen type, housing and sampling time period

have bearing on penetration and remanence of pollen

grains indoor.

Keywords Pollen � Indoor � Environment �
Allergen � Aerocontaminants � Aerobiology

1 Introduction

Humans now spent most of their time indoor (Zegh-

noun et al. 2010) where they can be exposed to various
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aerocontaminants which may affect human health

(Chang and Gershwin 2004). Among indoor allergens,

most studies have been devoted to molds, mite, cat and

cockroach allergens. Most recently, several investiga-

tions have reported the presence of indoor pollens and

concluded that the ratio of indoor to outdoor pollen is

highly variable (2–6 %, up to 35 %) according to the

sampling site, the sampling time period and the sampling

technique (Lebowitz et al. 1982; O’Rourke and Lebowitz

1984; O’Rourke et al. 1989; Stock and Morandi 1988;

Enomoto et al. 2004; Takayashi et al. 2009; Sharma et al.

2009; Farrera et al. 2002). All published studies, but two

have performed sampling in a single point in time, during

pollination of the species under study. The first exception

is the study realized in Badajoz city, Spain (Tormo-

Molina et al. 2009) which evaluated in a hospital setting

the overall indoor to outdoor pollen ratio throughout the

year. The second one is the study by Farrera et al., which

monitored indoor and outdoor pollens over several weeks

in a single. The question of remanence of pollen indoor is

important because allergic patients could get symptoms

from these indoor pollens far away from the pollination

period. Except for pollen from flowering plants which are

introduced into houses, indoor pollens come from

outdoor pollination but the temporal relationship between

both phenomenons is poorly documented. In this study,

we monitored pollen counts both in house dust samples

and outdoor pollen traps during the whole pollen season

in Southern France and modeled the influx and rema-

nence of various pollen types throughout the pollen

season.

2 Methods

2.1 Experimental design

Five families living in the same street of a suburban

community near Marseille, France, volunteered to par-

ticipate. All the houses were located within 155 m

distance. None of these five dwellings were equipped with

a mechanical ventilation system. Monitoring of indoor

pollen counts was performed at four occasions (February

24, April 6, May 31 and August 31, 2008) through

sampling of house dust from the living room. These

sampling times were chosen according to the main pollen

seasons: Cupressaceae pollen in January–February,

Platanus pollens in April, grass pollens in May–June

and Ambrosia pollens in late August–September. On each

occasion, the tiled living room (*20 m2) was vacuum-

cleaned for 1 min/m2 using a 1,400 W vacuum cleaner

(Panasonic MC-E603) equipped with a nozzle (ALK

Laboratories, Denmark) supporting a polyurethane filter

with 3 lm pores. The sampling was performed by the

same technician using the same vacuum cleaner. Fine dust

was taken apart and weighed. The family was asked not to

vacuum-clean the living room 48 h before sampling. The

sampled dust was treated by H2SO4 sifting, acetolyse and

10 % KOH. A 50-ll sample was analyzed through a 630

photonic magnification for pollen identification. Results

were expressed as number of pollen grains of each

identified taxa per gram of sampled dust.

During the same period, outdoor pollen counts were

monitored using a Lanzoni volumetric spore trap (Hirst

1952; Mandrioli et al. 1998) located on the roof of the

University hospital located 500 m away from the street

where were located the five houses under study. Results

were expressed as number of pollen grains of the different

taxa per m3 of sampled air (Tormo-Molina et al. 2009).

These counts provide an estimation of the mean pollen

airborne concentration ignoring local variations attribut-

able to the proximity of specific pollen sources. In both

cases (pollens from the Lanzoni trap, or pollens from dust

samples), the amount of pollens per taxa was determined

on a subsample of the collected material by the identi-

fication of individual pollen grains through a photonic

magnification. Results are either express as the number of

pollen grain (per taxa) per m3 of sampled air or as the

number of pollen grain (per taxa) per gram of sampled

dust. Although results were expressed in two different

units (per m3 or per gram), the same procedure was

applied for count and identification of pollen from the two

origins (Lanzoni and dust).

2.2 Indoor pollen counts modeling

The used model is based on the fact that the observed

indoor pollen (at a given time ‘t’) is the sum of the

newly entered outdoor pollen and of the remaining

indoor pollen (at previous time ‘t - 10).
In order to estimate the coefficients of pollen

penetration and of pollen remanence into the dwell-

ings, we hypothesized (a) that the mean concentration

of pollen over a week (from the Lanzoni trap) gives a

good estimate of the amount of outdoor pollen at the

sampling date and (b) that the indoor pollen count

estimated at our previous sampling date is represen-

tative of the quantity of pollen before the new
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sampling. Due to the time between sampling dates, the

remanence coefficient represents a mean value over

several weeks. Consequently we modeled the indoor

pollen counts (IPC) at time t as follows:

IPCt ¼ A � OPCt þ B � IPCt�1 ð1Þ

where OPCt is the outdoor pollen counts at time t, A is the

penetration coefficient, IPCt - 1 is the indoor pollen

counts at time t - 1 and B the remanence coefficient.

Considering that IPC and OPC are not expressed in

the same units, the A coefficient does not correspond to

the percentage of pollen entering the house, but is

proportional to it.

For all but the first sample date, the IPCt - 1 values

were set to the indoor pollen count measured at the

previous sampling date. Considering that the first

simple date (February 24) was, for all taxa, before the

pollination period, we set the IPCt - 1 to the minimum

counts observed over the four occasions.

The variability of the penetration and remanence

coefficients among taxa (t), dwellings (d) or period

(p) where checked by the estimation of At (Ad, Ap) and Bt

(Bd, Bp) parameters for each levels of these three factors.

2.3 Statistical analysis

A generalized linear model with a log link function is

commonly used for count data analysis. However, this

Poisson GLM model leads to a multiplicative effect of

the independent factors and variables. Consequently,

in order to keep the additivity of the contribution of

outdoor (OPC) and indoor (IPC) variables and to take

account of heteroscedasticity, we estimated A and

B coefficients by the Iterative Reweighed Least Square

(IRLS) regression procedure. Hypothesizing that pol-

len counts follow a Poisson distribution, weights were

chosen as the inverse of the expected values. At first

step, weights were set to the inverse of the observed

counts. The probability of the observed statistical

values was computed under the null hypothesis (i.e.,

lack of effects) and expressed as the ‘‘p value’’.

3 Results

3.1 Variation of pollen counts over time

Pollens from 73 taxa were identified on the house dust

samples collected indoor. Relation between outdoor

and indoor pollen counts were analyzed for the six

more frequent taxa (Table 1) which accounted for

76 % of the whole pollen counts (Pinus 27 %,

Cupressaceae 20 %, Olea 18 %, Quercus 4 %, Poa-

ceae 4 % and Platanus 4 %). Brassicaceae, Celtis,

Alnus and Tilia (2 % each) were also in the top-ten

taxa of pollen counts. All other species contributed to

1 % or less of the total pollen counts.

Figure 1 provides the dynamics of outdoor pollen

counts (grains per m3) and indoor pollen counts

(relative scale) for each taxon over time. For each

pollen type, indoor pollen count dynamics were

consistent with the airborne pollen load over the

whole pollination period estimated by the pollen

counts from Lanzoni traps. This similarity of OPC and

IPC trends suggests a strong penetration of airborne

pollen into dwellings. However, IPC decreases slower

than OPC, especially for Cupressaceae and Platanus.

Away from the pollination period, there was still high

amount of pollen for the main allergenic taxa.

Considering Cupressaceae pollens, which are the

most prevalent allergenic pollens in South-East

France, Fig. 1 demonstrates that the outdoor concen-

tration of this pollen is maximum during the Cupress-

aceae pollen season, then decreases very sharply

afterward. The trend for Cupressaceae pollens in

house dust is somewhat different, with a more gentle

decrease following pollination.

3.2 Between species differences

IRLS regression of total IPCt (from all the species) on

OPCt and IPCt - 1 gave evidence for a strong effect of

outdoor airborne pollen on pollen concentration in

house dust (p value = 1e-05), and a less important

effect of remanence estimated from previous indoor

pollen concentration (p value = 0.045).

When taking into account pollen taxon, highly

significant penetration coefficients were observed for

Poaceae, Olea, Quercus and Cupressaceae and mod-

erately significant for Pinus (p value = 0.11,

Table 2). Platanus and Cupressaceae exhibited the

two lowest values for this penetration coefficient.

Intermediate value was observed for Quercus. By

contrast, Olea, Poaceae and Pinus are associated with

very high values of pollen penetration into dwellings.

A moderately significant remanence effect was

observed for three taxa: Poaceae, Quercus and

Cupressaceae.
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Two groups of species can be defined on the basis of

these results: the first group includes Platanus, Quer-

cus and Cupressaceae which exhibit a high remanence

(0.4) and a low penetration, and the second group

contains species with a high penetration but various

remanences (Fig. 2).

3.3 Between houses differences

Penetration coefficients also varied according to

houses. Two dwellings did not exhibit significant

relation between OPC and IPC. On the contrary in the

other three dwellings, pollen in house dust was

significantly related to outdoor airborne pollen counts

(A = 8.7, 9.1 and 17.23; p values = 0.012, 0.012 and

0.0005. Although variable (from 7 to 49 %), rema-

nence coefficients were never significant.

3.4 Time period effect

Date of sampling is the main factor affecting penetra-

tion coefficients, and increasing values were observed

along seasons: from very low (2.6, p value = 0.03) in

winter, to moderate in spring (13–15, p value = 0.001

and 0.001) and huge in summer (204, p value = 0.10).

Remanence coefficients were never significant.

4 Discussion and conclusions

In order to increase the statistical power of the

comparison between indoor and outdoor pollen

counts, only the six most frequent taxa, representing

76 % of the total pollen counts, were analyzed. All of

them are commonly observed in the Mediterranean

region. A similar feature was observed in the study

Table 1 Indoor pollen

counts performed on each

sampling time and for each

dwelling (number of pollen

grains per gram of fine dust

collected in the living room)

Cupressaceae Pinus Olea Poaceae Platanus Quercus

Dwelling1

February 24 10,480 1,866 431 431 287 718

April 6 10,660 77,873 561 2,469 7,069 785

May 31 1,733 3,178 39,575 10,544 1,444 8,955

August 31 5,338 24,781 3,431 4,575 2,288 1,906

Dwelling2

February 24 92,337 3,259 155 2,483 0 310

April 6 93,000 295,359 1,212 2,726 34,837 3,635

May 31 10,525 4,625 47,841 6,538 2,711 11,482

August 31 23,172 54,068 12,015 8,582 11,157 27,463

Dwelling3

February 24 3,096 459 0 573 0 229

April 6 4,332 23,184 176 468 527 293

May 31 26,645 13,816 362,911 40,461 1,727 39,967

August 31 8,915 14,744 3,086 7,886 2,057 6,172

Dwelling4

February 24 288,943 12,999 2,819 6,264 313 1,253

April 6 52,748 399,301 1,093 10,659 44,276 4,100

May 31 3,562 6,234 157,026 26,121 2,968 20,185

August 31 4,750 3,563 3,563 5,938 1,188 2,375

Dwelling5

February 24 45,902 3,909 3,027 2,900 3,153 1,513

April 6 2,231 5,205 744 3,532 1,673 1,115

May 31 7,425 16,265 9,900 8,840 27,579 22,629

August 31 3,284 4,379 438 1,533 985 1,861
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conducted by Tormo-Molina et al. (2009) where 75 %

of the pollen counts were attributed to only five taxa

(Quercus, Cupressaceae, Poaceae, Olea and Plan-

tago). Pollination periods of these six taxa were in

good agreement with the usually observed pollen

calendar (Bıçakçı et al. 2004).

Most of the published studies have performed

sampling at a single point in time, during pollination of

the species under study. Only two studies monitored

pollen counts over several weeks or months. In

Badajoz city, Spain (Tormo-Molina et al. 2009), the

overall indoor to outdoor pollen ratio was evaluated in

a hospital setting throughout the year. In the second

study, the indoor to outdoor pollen ratio was evaluated

in the vicinity of Lyon, France (Farrera et al. 2002).

The strength of our study lies in the fact that several

samples have been collected in a standardized way

throughout the pollination period and that

Fig. 1 Indoor pollen counts in house dust at sampling

occasions (full circle) and weekly outdoor pollen counts in

traps over the pollination period (dotted line). Outdoor pollen

counts are expressed as the number of grains per m3 of air;

indoor pollen counts (pollen grains/g fine dust) are plotted on a

relative scale ensuring that max (indoor pollen count) = 0.7

outdoor pollen count of the same week
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computation has allow, for the first time to the best of

our knowledge, for an estimate of the penetration and

remanence for each pollen taxa.

The limits lie in the lack of standardisation of

cleaning activities between samplings, although we

asked the house cleaner not to clean during 48 h before

sampling. Besides, it was not possible to get data about

air renewing through natural ventilation. Lastly, we

only assessed intact pollen grains, not pollen frag-

ments which could also bear allergens. Despite these

limits, our study demonstrated that pollen type,

housing and the sampling time period have bearing

on penetration and remanence of pollen grains into the

houses.

Except for houseplant and flowers for home which

are directly introduced into houses, pollens get into

dwellings through door and windows, ventilation open-

ings (Jantunen and Saarinen 2009) and clothes wore

(Saarinen et al. 2011) or dried up outside (Takayashi

et al. 2009). The level of pollen penetration into

dwellings would depend on the aerobiological charac-

teristics of pollen as well as on pollination period.

Similarly, the indoor to outdoor ratio is higher for spores

from fungi than for pollen (Grinshpun et al. 2005; Lee

et al. 2006). In all experimental studies, the indoor

pollen concentration is always lower than the outdoor

pollen concentration (D’Amato et al. 1996; Lee et al.

2006; Tormo-Molina et al. 2009), and the low indoor to

outdoor ratios are generally attributed to pollen size

(Hugg and Rantio-Lehtimäki 2007).

Due to variation in their shape, surface texture, size

and density, pollen produced by different taxa exhibits

different terminal velocities and buoyancy (Lacey and

West 2007).

Thus, it can be hypothesized that as compared to

early flowering taxa, late flowering taxa will more

easily enter houses because doors and windows are

more frequently opened in late spring and summer

seasons.

For four species, our results are in agreement with

this putative pollination period effect. Indeed, pene-

tration coefficients are very low for the two earliest

species (Cupressaceae and Platanus) and high for

Olea and Poaceae, two late pollinating species. The

highest penetration coefficient is observed for Pinus.

Due to its two outer air-sacs, pine pollen exhibits an

unusual degree of buoyancy in the air (Lacey and West

2007) which allows pollen transport over long dis-

tances (Williams 2008). The low penetration coeffi-

cient estimated for Quercus (as compared to the

Table 2 Estimation of the ‘‘Penetration coefficient’’ (A) and ‘‘Remanence coefficient’’ (B) of pollen into dwellings for the six studied

taxa

Taxon A A pval B B pval Mean pollen

size (lm)

Pollen terminal

velocity

Pinus 31.66 0.11 0.11 0.62 55 0.031a

Cupressaceae 2.78* 0.018 0.34# 0.09 25 0.016b,c

Olea 18.0** 0.002 0.04 0.50 23 0.015c

Quercus 5.3** 0.004 0.35# 0.08 38 0.035a,b

Poaceae 19.9*** 0.0007 0.35* 0.023 31 0.035b

Platanus 2.61 0.23 0.44 0.37 20 0.035c

*** 1/1,000; ** 1 %; * 5 %; # 10 %
a Matthias et al. (2012)
b Fredh et al. (2012)
c McMillan (2013)

Fig. 2 Penetration versus remanence coefficients of pollen for

the six most pollinating taxa

Aerobiologia

123



penetration of Olea which shares the same pollination

period) would be attributable to the higher terminal

velocities of its pollen (Matthias et al. 2012; Table 1).

Among dwelling, differences of pollen penetration

are unlikely to be related the environment because

houses were very close to each other and exposed to

similar pollen sources. It would not be neither

attributable to house architecture or ventilation sys-

tems, because no house had a mechanical ventilation

system but could be related to the inhabitant activity

and to individual cleaning habits.

The increment of pollen penetration coefficients

from winter to summer strongly supports the hypoth-

esis that the opening of doors and windows facilitates

the penetration of pollen into dwellings. We estimated

that pollen penetration in summer is one hundred times

higher than in winter. House-cleaning practices and air

renewal will also modify pollen penetration, and we

suggest that, in spring, opening of windows for air

renewal should be done very early, before the daily

pollen release.

Although the amount of pollen which persist into

dwellings would be less important than the amount

of pollen coming from outside, it may have a

significant effect on allergic symptoms in sensitized

individuals, all the more so that it has been shown

that pollen which have been kept indoor remain

allergenic for years (Ariano et al. 2006; Shahali

et al. 2013). The estimated remanence coefficients

averaged 30 %. The among-species variability of

pollen remanence (from 4 to 44 % among species)

should be confirmed by specific experiments using

control pollen lots, but may be attributed to pollen

physical characteristics.

In conclusion, this study demonstrated that both

pollen type, housing and the sampling time period

have bearing on penetration and remanence of pollen

indoor. These pollens could then interact with the

allergic patients who could get symptom away from

the pollination period. Thus, patients should be

advised to prevent outdoor pollens to get into the

house by closing windows and doors, vacuum-

cleaning more frequently during the pollination

periods, clean up the surfaces, vacuum-cleaning

linen which has been stretched on a clothesline and

wash their hair.
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