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RESUMEN

Obsenamosquela vastamayor a de NP's galacticasestan localizadasfuera de
la capade enrojecimiento interestelar, de maneraquelos gradienteslocalesenEg v
sonbajosy llegan a serindetectables. Esto invalida ciertas estimacionesprevias de
susdistanciasde enrojecimiento Drep . Signi ca tambien quelos analisis realizados
agran escala,comolos de Pottasch (1984)y Acker (1973), llevan a valoresde Drep
gque son demasiadobajos.

Una crtica similar se aplica a los analisis basadosen medidas de la | nea
D de absorcon del Na, y posiblemernie muchas de las distancias de Napiwotzki &
Scenberner (1995) esten erradas.

ABSTRACT

It is noted that the vast majority of Galactic PNe are located outside of
the interstellar reddening layer, to the extent that local gradients in Eg v are
low to undetectable. This is likely to invalidate certain previous estimates of their
reddening distancesDgrep . It also meansthat larger scaleanalyses,such asthose
of Pottasch (1984) and Acker (1973), lead to valuesof Drep which are signi cantly
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too small.

A similar critique appliesto analysesbasedon measuresof Na D-line absorp-
tion, and it seemslikely that most of the distancesof Napiwotzki & Scenberner

(1995) are similarly in error.
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GENERAL

1. INTR ODUCTION

A variety of more-or-lessdirect methods have
been devised for measuring the distances of plane-
tary nebulae(PNe). Theseinclude proceduresbased
upon measuresof trigonometric parallax (e.g., Har-
ris et al. 1997; Acker et al. 1998; Guti errez-Moreno
1999), kinematic parallax (e.g., Liller & Liller 1968;
Hajian, Terzian, & Bignell 1993; Hajian & Terzian
1996;Reedet al. 1999),radial velocities (Acker 1978;
Phillips 2001a), spectroscopic parallax (Mendez &
Niemela 1981; Ciardullo et al. 1999), trends in neb-
ular extinction (e.g., Kaler & Lutz 1983; Gathier,
Pottasch, & Pel 1986; Martin 1994), Na D line ab-
sorption (Napiwotzki & Schenberner 1995), and de-
terminations of certral star gravities (e.g., Mendez
et al. 1988; Mendez,Kudritzki, & Herrero 1992).

Although thesedistancesare amongthe most ac-
curate which are currently available, they are by no

meansin all casestrustworthy. Random uncertain-
ties appear to be of order D=D 0:3, for in-
stance. Similarly, certain of the methods appear
to be open to systematic errors as well. Distances
basedupon kinematic parallax, for instance, are af-
fected by the geometrical characteristics of the neb-
ulae (Phillips 2005a), and di erences between the
pattern and massvelocities of the out o wing shells
(Mellema 2004; Schenberner, Jacob, & Ste en 2005).
Measuresof certral star gravities appearto be some-
what suspect as well, and depend upon the sophis-
tication of the modeling which is employed. The
values Dgrav Of Mendez et al. (1988) are 20%
greater than those of Mendezet al. (1992), for in-
stance; a di erence which arisesbecausethe analy-
sis of Mendezet al. (1992) takes account of stellar
winds, aswell asthe spherical extensionsof the cen-
tral stars. Similarly, it hasbeennoted that although
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the impact of ion-dynamical e ects is small, and has
a minor in uence upon Balmer line pro les (Napi-
wotzki & Rauch 1994),the cortribution of metalsto
atmospheric opacities may be of critical importance
(Werner 1996).

It is our purpose,in the following, to point out
that reddening and Na D line distances may also
be prone to error. There are two principal proce-
dures which have beenusedto date. In the most
detailed of these, of which the best is probably that
of Gathier et al. (1986), an analysisis made of stars

located at small angular distancesfrom the sources.

The resulting trend of extinction with distance is
then used to constrain the distancesto the nebu-
lae. Other exampleswhere this procedure has been
applied may be found in Lutz (1973), Martin (1994),
Acker (1978), Saurer (1995), Huemer & Weinberger
(1988), Pollacco& Ramsay (1992), and Solf & Wein-
berger (1984).

A secondand more broad-brush procedure has
also been deweloped by Pottasch (1984;1996) and
Acker (1978). In this, the nebular extinction
Cnes is compared to local extinction gradients
dC=dD, and distancesDrgp are assumedgiven by
Cneg =(dC=dD). Napiwotzki & Schenberner (1995)
have also used a similar procedure, applied to mea-
sures of interstellar Na D line absorption. In both
of these cases, the authors have used previously
published maps of interstellar extinction gradients
(Lucke 1978; FitzGerald 1968) and Na D line ab-
sorption (Binnendijk 1952). These, in turn, have
beenderived using brighter O and B type starsalone.
Such maps are not spatially well re ned, and fail to
accourt for small-scalevariations in extinction.

We shall suggestthat most PNe are located
well above the interstellar (IS) reddening layer, and
that the failure to take this into accourt may lead
to misleading results. The most insidious (and
wide-ranging) e ect is upon the values of Pot-
tasch (1984;1996), Acker (1978) and Napiwotzki &
Sdenberner (1995), and most of their distancesare
likely to bein error.

These problems in determining distances are
likely to a ect our understanding of PNe properties
and ewlution, and may also in uence distance esti-
matesbasedon statistical procedures.Na D line and
reddeningdistanceshave beenusedin evaluating the
statistical distances of Acker (1978), Daub (1982),
Cahn, Kaler, & Stanghellini (1992) and Phillips
(2002;2004a) for instance, aswell asbeing employed
to evaluate PNe formation rates, local volume den-
sities (Pottasch 1996; Phillips 2002), and the lumi-
nosities of highly ewlved out o ws (Phillips 2005b).

It will become clear, in brief, that reddening
distancesare far from reliable, and should be treated
in future with a considerabledegreeof caution.

2. THE LOCATION OF PNE WITH RESPECT
TO THE REDDENING LAYER

It is important, in evaluating reddening dis-
tances, to know exactly where the PNe are located.
Certain previous analyseshave assumedthat they
are located within the galactic extinction layer |
that reddening in the vicinities of these sourcesis
both detectable and reasonablylarge.

In fact howewer, much of the gas and dust in
the Galactic disk appears to be located within a
relatively narrow layer, the scale height of which
(zo(DUST) 50 ! 100 pc; see, e.g., Branf-
man et al. 1988; Malhotra 1994; Wouterloot et al.
1990; Merrield 1992) is less than that for PNe
(zo(PNe) 0.22 kpc, hereafter referred to as zo;
see, e.g., Phillips 2001b, 2003, 2005d, and values
cited in Phillips 1988). Although this value for zg
is uncertain, it is unlikely to be very greatly in error
(Phillips 2005d), and uncertainties in this parameter
are unlikely to a ect our qualitativ e results.

Most nebulae are therefore likely to be located
outside of this layer |or at least, su cien tly outside
of it that local reddening gradiernts are small.

There are two independert lines of evidence
which appearto con rm this supposition. In the rst
place, we can use the extinction values of Tylenda
et al. (1992), and the revised statistical distancesof
Phillips (2004a), to determine the mean extinction
<C> of PNe asa function of distance. This is shovn
in Figure 1 for various rangesof latitude. Two things
are immediately apparert:

a) Extinction C is larger where latitudes are low,
as would be expected given the narrownessof the
reddening layer cited above.

b) The gradient d<C>=dD is closeto zeroirre-
spective of the latitude range.

We can extend this analysis even further. The
mean trend of extinction with latitude < C(b)> is
shown in Figure 2. We have approximated this by
the polynomial t:

0:0388[log bj® + 0:4904[log b
2:1195[log b] + 2:314: Q)

C(b) >=

If this t is removed from the obsened extinc-
tions for PNe (i.e., we calculate a parameter
Coirr = Cogs(b) < C(b>), and one concate-
nates the results, then it is possibleto determine
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Fig. 1. The variation of mean extinction with distance for diering ranges of latitudes, where we have employed
the distances of Phillips (2004), and the reddening coe cien ts of Tylenda et al. (1992). It will be noted that whilst
mean extinctions vary with latitude, they appear to be almost invariant with distance. The horizontal error bars are

comparable or smaller in sizeto those of the symbols.

a mean variation <Cp g (D)> for all of the PNe.
Sudh a variation is shown in Figure 3. It is apparert
that there is again very little variation of <Cp|gg>
with D, and that gradients d <Cp > =dD are no
greaterthan  0:0015kpc *.

This result is surprising, and corntradicts the
assumptions behind many previous estimates of
distance. It is howewver consistert with most of the
sourceslying outside of the extinction layer.

Although some allowance must be made for
uncertainties in the statistical distances used here,
this would not of itself be likely to explain all
of the obsened trend. Most recert statistical
analysesnow yield broadly similar results (see,e.g.,
Phillips 2004a, and referencestherein), and both
absolute and relative PNe distancesare reasonably
similar. These distance scalesare also supported
by much ancillary evidence, including measuresof

galactic radial velocities (Phillips 2001a), nebular
sizes(Phillips 2004b), and certral star luminosities
and magnitudes (Phillips 2005b,c). As a result,
qualitativ ely identical results are obtained where
one uses the distances of Zhang (1995), van de
Steene & Zijlstra (1995), Benshy & Lundstrom
(2001), or Phillips (2002).

Finally, it should be noted that we have excluded
all sourcesin the longitude range 350 < °~ < 10,
SO as to minimize contamination by galactic bulge
nebulae. Theselatter sourcesare more distant, and
partake of di ering patterns of extinction.

Apart from this, there is also a further reason
for supposing that most PNe are located above the
extinction layer.

The number of sourcesobsened in the narrow
rangesof latitudes betweenb and b+ db, and of lon-
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Fig. 2. Variation of mean extinction <C(b)> as a function of Galactic latitude (solid squareswith error bars). It will
be noted that <C(b)> increasesby a factor 5 for b> 10 . The dashedboundary corresponds to the 1 error range

in C (i.e., the dispersion range for individual values of C).

gitudes between™ and * + d’ is expectedto be given
through

Z Dy
N(b;D.:Dy)dbd = dbd®  n(z)D2dD
DL
Zo, .
= Nodbd' exp 25N ph2gp
DL Zo

2 2 3
D,_zo+ 2D z§ 223

= Ngdbd® ;
0 sinb  sinb  sin®b
D, sinb D3zo  2Dyz3 & 2z
exp L= =
Zo sinb sinb  sin°b
Dy sinb
exp

Z9
2

where we have assumedthat the volume density
of PNe, n(z), declines exponertially with height z
above the galactic plane. Ng is the volume density
of PNewherez = 0, D is the lower limit distanceto
the PNe, and Dy is the corresponding upper limit

distance. This relation is strictly applicable where
Dy islessthan the lateral distanceacrossthe galaxy,
and b is greaterthan 0:7 ! 1.3 . Other factors
may lead to even stronger constraints upon latitude,
howewer, as we shall note further below.
Despitetheserestrictions, it is adequate(for most
latitudes) to assumethat Dy = 1 . In the limit
whereD, = Oand Dy = 1 we determine that

278
sinb’
Using these expressions,it is then possible to de-

termine the fraction =(b) of PNe residing within an
extinction layer having half-width Zp

N (b;0;1 )dbd" = Nodbd'

@)

N (b;0; Zp cosed)
N (b;0;1 )

=(b = 4)
We shall assume,in the following, that nebular scale-
heights are of order zg ' 0.22 kpc (see our com-
ments above). Although this parameteris uncertain,



© Copyright 2006: Instituto de Astronomia, Universidad Nacional Auténoma de México

REDDENING DISTANCES TO PLANET ARY NEBULAE 233

0.3

92T FOR 377 NEBULAE

01+

MEAN EXTINCTION <Cpjrr>

VARIATION OF MEAN EXTINCTION

DISTANCE (kpc)

Fig. 3. The variation of extinction with distance for a total of 377 planetary nebulae, where we have subtracted mean
latitude trends in extinction from the individual valuesof C. The line correspondsto a least-squarest, and suggestsa
negligible variable of C with D. The horizontal error bars (D) are smaller than the symbols.

it is unlikely to be greatly in error. Not only do the
more reliable estimatestend to congregateabout this
value, but it is alsocomparableto the scale-heigh of
the Galactic thin disk (see, for instance, Bahcall &
Soneira(1984); Gilmore (1984); Kuijk en & Gilmore
(1989); Ojha et al. (1999); Chen, Stoughton & Smith
(2001); Siegel, Majewski, & Reid (2002), and Du
et al. (2003)). Similarly, we shall take Zp to corre-
spond to the height at which reddeninggradierts be-
comeundetectable. Evidence for the size of this pa-
rameter comesfrom measuresof the extinction dis-
tances themselwes, which showv that reddening gra-
dients atten out for distancesD > Dp 07! 5
kpc, corresponding to heights Zp  0:1! 0:25 kpc
above the Galactic mid-plane. Theselimits upon Zp
are also con rmed through our analysisin x 3.

If onetakesan upper limit value Zp = 0.25kpc,
and therefore maximizes the estimates for =(b), it
turns out that no more than 11% of sourceswill be
contained within the reddeninglayer wherelatitudes
b are in excessof 4 (see Figure 4). This rather

small value of =(b) may seemrather surprising, but
arisesfrom two primary causes.Firstly, the majority
of PNe are located above the reddening layer even
whereZp and zy are comparable. Similarly, the vol-
ume elemen b D increasesas D?, sothat one
is sampling increasingly larger volumes of PNe as
distancesfrom the Sunincrease.

Of course,most PNe along any particular line-of-
sight are likely to be faint, distant, and unobsened.
The fraction =(b) for known (and brighter) PNe will
be signi cantly larger. Similarly, the depth to which
one can actually obsene PNe is a strong function
of latitude; extinction towards lower values of b will
causevaluesof <D> to be reduced. In real situa-
tions, therefore, it is clear that the analysisabove is
likely to be somewhatpessimistic. One expects that
=(b) will be greater than is indicated in Fig. 4. This
would not howewver, for all but the lowest latitudes,
cause=(b) to approac anywherenearto unity. Most
PNe are expectedto remain outside of the reddening
layer.
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Fig. 4. The number of PNe =(b; 1, m ) within the interstellar extinction layer, as a fraction of the total numbers of
nebulae along any particular line of sight. The curvescorrespond to di ering valuesof |, m (4, 5, 10, 15, and 20 arcsec),
the lower limit nebular diameter, whilst the left-most curveis for |, m = 0; that is, for all of the sourcesirrespective

of size.

One further way of achieving higher values of
=(b) is by selecting nebulae whose angular dimen-
sions are larger than somelimiting diameter || y .
A value | m 10 or 20 arcsecwould probably
be consideredreasonable. The restriction upon
ensuresthat the PNe are mostly located close to
the Sun, and this will increasethe fraction =(b) of
PNe which arelocated within the Galactic reddening
layer.

To determine precisely how this restriction upon
might a ect the function =(b), we have assumed
that the typical radii of PNe are of order 0.1 pc. We
have also assumed,yet again, that Zp is of order
0.25kpc. The results for various valuesof |,y are
illustrated in Fig. 4.

The variation ofthe || y = 10arcseccurve with
Zp isalsoshown in Figure 5, and givesan idea of the
level of error assa@iated with uncertainties in Zp. A
variation in Zp from 0.05kpc to 0.25kpc causeshe

curvesto shift by just 3 degreesto the right (i.e.,
to higher latitudes b).

It is clear, from these gures, that most PNe are
located outside of the galactic extinction layer, and
that this applies even where angular sizesare large,
and latitudes are modest. Valuesof =(b; |, v ) are
for the most part extremely small. The only excep-
tion to this occurs where b is small: whereb< 3:5
when || m = 10 arcsec,and where b < 7 when

umwm = 20arcsec.

It is therefore clear that any protocol for evalu-
ating reddening distancesshould consideronly lower
latitude sourceshaving large angular sizes.

Sud constraints appear not to have beenapplied
in most previous such analyseshowever. Whilst lim-
its upon b and have beenusedin a recert investiga-
tion by Navarro et al. (to be published), most prior
investigations have not been so punctilious. It has
usually beenrequired that latitudes are small in an
inde nite kind of way, without specifying the ranges



© Copyright 2006: Instituto de Astronomia, Universidad Nacional Auténoma de México

REDDENING DISTANCES TO PLANET ARY NEBULAE 235

Fig. 5. The variation in the parameter =(b; y m ) for 1 » = 10arcsec,and various values of the extinction layer height
Zp . It will be noticed that =(b; 1, m ) varies only slightly asZp increases.

consistert with a rational analysis of distance. The
consequence®f this failure are outlined in the fol-
lowing section.

3. POTENTIAL ERRORS IN REDDENING
DISTANCES Dgep

Where PNe are located at greater distancesfrom
the Sun than Dp, the depth of the reddening layer
along the line-of-sight, then it is impossibleto deter-
mine their distances. The best that can be said is
that distances determined using the reddening dis-
tance procedure, Drep, must be > Dp. A dan-
ger in this case,howewer, is that the nebula may be
assumedto be located at the limits of the extinc-
tion layer (i.e., that the reddening distance to the
nebula is taken to be equal to the depth Dp), an
error which will cause PNe distancesto be signif-
icantly under-valued. This is particularly the case
where nebular reddeningEg v (NEB) is compara-
ble to the maximum reddeningfor line-of-sight stars
(Eg v(MAX)) |where the PNe are, as it were,
perched at the limits of the reddening curve.

Errors of this kind are not ertirely a causefor
concern, since such mis-analyses can be detected
(and recti ed) post facto. It is apparert for instance
that the distances of NGC 3132, NGC 3918, and
NGC 5315due to Gathier et al. (1986); of IC 1747,
IC 289, and NGC 6741 determined by Lutz (1973);
of (possibly) Sh 1-89determined by Huemer & Wein-
berger (1988); and  65% of the distancesof Acker
(1978) should be treated with caution, and proba-
bly in most casesthrown out. The particularly un-
fortunate situation with the Acker (1978) distances
is fairly easy to understand, since her reddening-
distance diagrams are determined over small ranges
of D. This does not permit her to probe to the
depths required in this type of analysis.

Rather more concerning are situations such as
those of Pottasch (1984;1996), Acker (1978), and
Napiwotzki & Scdenberner (1995), where attempts
are madeto apply more rough-and-readyprocedures
to larger numbersof PNe. For thesecasesjf the neb-
ula is located at height Z > Zp above the galactic
plane (asin most caseghey will be), it will neverthe-
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lessbe assigneda distance Dgrep = Dp, and height
Zrep = Zp; the heights of such sourceswould ap-
pear similar and constart, irrespective of their lati-
tudes b.

That this is actually the casein practice is ap-
parent from Figure 6, where we have illustrated
the heights Zgrep of nebulae investigated by Pot-
tasch (1984) and Napiwotzki & Scenberner (1995).
These two nebular samplesare not ertirely equiv-
alert. Whilst the Pottasch (1984) sourcesappear
to have been selected becausethey lie within the
bounds of the extinction mapping of Lucke (1978),
those of Napiwotzki & Schenberner refer to more
highly ewlved outo ws. The radii of these latter
nebulae will therefore be greater than those of Pot-
tasch, and the value R = 0.1 pc employed in the
analysisabove. Nevertheless,it is clear (from Fig. 6)
that the trends for both of thesesamplesare similar.

It may be seenthat the heights are mostly small
(Zrep < 0.075kpc) wherebis lessthan 3.7 , and
thesenebulaeare almost certainly located within the
primary extinction layer. It is apparert that there is
a strong and discortinuous jump in heights closeto
b' 3.7 , howewer, after which Zregp appearsto be
more-or-lessinvariant of b. Although the scatter is
large, it implies a mean height closeto <Z rgp >
0.17 kpc, and a maximum value not much in excess
of 0.25kpc. If there are any gradients in these pa-
rameters, then it seemsunlikely that they exceed
d(Zrep)=d(b) 0.01kpc/degree of latitude.

To seemore clearly what is happening here, and
why the changein heights is sorapid and sosteep, it
is aswell to considerthe trends noted in Fig. 4. Let
us take the curve correspndingto , » = 5 arcsec
[that s, the trend for sourceswhose diameter is
greaterthan 5 arcsec. This is, asit happens,reason-
ably appropriate for the nebulaeselectedby Pottasch
(1984), although a few of his PNe also extend down
to smaller angular sizes.

If one now considerslatitudes b < 1:7 , then it
is clear that all of the PNe are located within the
reddening layer. The factor =(b; ) = 1, and
the proceduresof Pottasch (1984) and Napiwotzki &
Sdenberner (1995) should give reasonablyaccurate
valuesof distance. Closeto b= 1:7 , however, there
is a sharp (and almost discortinuous) decreasein
the function. If one takes latitudes slightly above
the limit of 1.7 , say b= 2:4 , then 48% of sources
would be located beyond the reddening regime (i.e.,
=(b; 1y m) = 0.516). Increaseb just a little further
to 3, and the majority of PNe now reside outside
of this layer (=(b; .y m) = 0.34). It follows that
the transition from all of the PNe being inside the

reddening layer, to most of them lying outside of it
is very rapid indeed.

Where one now, for these latter sources, de-
termines Drep according to the procedures de-
scribed above (i.e., one assumesthat Drep =
Cn e =(dC=dD)), then this would place most of the
nebulae at the limits of the extinction layer. The
distancesof the sourceswould be equatedwith Dp.

Whilst the height of the reddeninglayer undoubt-
edly varies somewhat, and estimates of Zgegp will
changewith the line-of-sight vector (*; b), one never-
thelessexpects a rough invariancein Zggp towards
larger valuesof b, asis suggestedin Fig. 6.

Finally, we note that Pottasch (1996) has also
usedthis procedurefor a somewhatdi ering sample
of out o ws: nebulae which for various reasonshave
claims to be located closeto the Sun (D = 1 kpc).
Most of them, in consequencehave large angular di-
mensions,and onewould expect the \discontin uous"
increasein Zgep to occur at greater valuesof b.

This appearsin fact to bethe case. There is again
a rapid increasein valuesZgregp closeto b 6, af-
ter which nebular heights are more or lessconsisten.
Although the mean heights <Zgrep> of higher lat-
itude sourcesare somewhatlessthan is apparert in
Fig. 6 (  0.11 kpc, as opposedto 0.17 kpc), the
trends are su cien tly similar to cast doubt on these
distancesas well. Having said this, the analysis of
Pottasch (1996) seemsto have beenperformedin a
rather careful manner, and there is little doubt that
many of his sourcesmust have low valuesof Drep .
It is not possibleto be ertirely certain concerning
which of his distancesare in error.

We shall look at the consequencesf this analysis
in the following section. Before doing so, however,
we should like to point out one further property of
these results. If our interpretation of the heights
Zrep Is correct, then it follows that the values of
Zrep in Fig. 6 imply a reddening layer height of
between0.1 and 0.25kpc; a range which is identical
to that determinedin x 2.

4. THE CONSEQUENCES FOR PUBLISHED
EXTINCTION DISTANCES

We have shown that:

a) It is very likely that most PNe reside well
above the IS extinction layer, and that this even ap-
pliesto sourceswith large angular sizes. This results
in reddening gradients dC=dD which are low to un-
detectable at the locations of the PNe.

b) As a consequencejndividual reddening dis-
tance estimates(such asthose of Gathier (1986) and
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Fig. 6. The variation of heights Zrep above the galactic mid-plane for distances evaluated by Pottasch (1984) (solid
squares) and Napiwotzki & Schenberner (1995) (open squares). Note the strong and discontin uous variation in heights
whereb' 3:7 , attributed to a dierence in the locations of the PNe with respect to the galactic reddening layer.

Lutz (1983)) are often invalid, and may lead to er-
roneousresults.

¢) Similarly, we have shown that larger scaleap-
plications of this procedure,such asthat of Pottasch
(1984), canbe appreciablyin error. They would tend
to lead to distanceswhich are mostly too small.

d) Sincethe Na D-line distancesof Napiwotzki
& Scenberner (1995) are determined using equiva-
lent proceduresto those of Pottasch (1984), then it
is likely that most of these distances are erroneous
aswell. Having said this, the certral star luminosi-
ties which they derive are consistert with current
post-AGB theory, and imply that their mean dis-
tance scaleis not too far o the mark.

It follows that the consequenceof this analy-
sis for the distancesof Pottasch (1984;1996),Acker
(1978), and Napiwotzki & Sdcenberner (1995) may
be very profound indeed. We would estimate that
by far the larger part of their values (those for
sourceshaving b > 3:7 ) are likely to be in error,
and should be discardedfrom future analyses. This

includes all cases(such as those of Daub (1982),
Cahn et al. (1992), and Phillips (2002;2004a))where
they have beenusedto calibrate statistical distance
scales,evaluate local densities and formation rates
(Pottasch 1996), and determine the luminosities of
ewlved PNe (Phillips 2005b).

Similarly, we note that certain of the previous,
more detailed analyses, are also of limited ultilit y.
Sourceswere often chosenwith only minimal refer-
enceto constraining protocols, and are located out-
side of the primary extincting layer |w e really do
not know where they are located above a limiting
height Zp .

In all fairness to these studies, it should be
pointed out that 45% of the sourcesof Gath-
ier et al. (1986), Lutz (1973), Martin (1994), Acker
(1978), and Solf & Weinberger (1984) are located at
latitudes b < 4 , which would certainly be consis-
tent with the most relaxed of the limits cited above.
Howevwer, this still meansthat most of their nebulae
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were inappropriately selected,and unlikely to yield
distanceswhich were in any way reliable.

Finally, it should be emphasizedthat the discus-
sion above is intended to be mostly illustrativ e. It is
not our intention to specify prescriptions for future
work in this area. Howewer, it is clear that most es-
timates of Zp imply values 0:1! 0:15kpc (see,
e.g., Fig. 6 and x 3), and this would suggestthat
b should be lessthan 2 where | m = 10 arcsec,
and < 4 where | m = 20 arcsec. At the worst,
and taking Zp 0.25 kpc, one obtains the limits
b< 3:4 and b< 6:9 for theserespective values of

L M - Sourcesat slightly larger valuesof b, or having
somewhat smaller angular sizes,are most probably
located outside of the primary reddening layer.

5. CONCLUSIONS

We have shovn that most PNe are located above
the primary extincting layer, and that proceduresfor
measuringreddening distancesare therefore inappli-
cable. It is also likely that wholesale measuresof
distance, such asthat of Pottasch (1984), are mostly
in error, and lead to values of distance which are
systematically too small. The same applies to the
procedurally equivalent distances of Napiwotzki &
Sdenberner (1995), in which measuresof Na D-line
absorption are usedin place of estimates of redden-
ing. Sud values should be treated with extreme
caution in future analysesof PNe. Similarly, we note
that any further determinations of Dgrep shouldem-
ploy very restrictiv e protocols. Sourcesshould only
be selected where they reside within very limited
rangesof latitude and size.

| would like to thank Dr. Silvana Navarro for
reading an earlier versionof this text. Her commernis
helped tighten certain of the arguments.
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