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Artifacts Frequently Encountered in Electron Micrographs
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ABSTRACT

Fine photographs are essential in the electron microscopy. Artifacts can be introduced during all steps of
electron microscopy; specimen processing, observation and printing, Every caution s necessary to avoid the
artifact formation. In thiz review, the authors disenssed the canses of various artifactz and suggested the

golution to help the correct tissne handling and alectron mieroseopie obzervations,
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Table 1. Steps of electron microscopy during which artifacts

may form
TEM IEM
Fampling Sampling
Fixation Fisation
Tissue Dehydration & )
preparation Embedding Dehydration
Sectioning Drying & Attachment
Staining Coating
Ohservation Chaervation Chzervation
Photographing Photographing
Photography Development Development

Printing Printing
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Fig. 1. Artifacts canzsed by an improper handling of the sample.
In A, clias are broken (arrow) and tlasue fragments are
present. Also incomplete washing after staining left
dusts on the section (Area near white #), The section
through the area near surface (B) offen have an area
lacking tissue () and RBC (R) contaminated from the
bleeding.
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Fg. 2. Artifacts canzed by an improper handling of the sample.
[f pressre is applied during tissue sampling, some parts
of tizsue profrude from the srface ().

e

Fg. 3. Artifact caused by improper handling of the specimen
and poor fization. Layers of myelin sheath iz often
geparated and axonal axoplasm often showa the
digorganization. Digcontinuous plasma membrane is
alzo noted (arrow),
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Fig. 4. Artifact canzed by improper fization. Delays in fixation
often canse tizsue damage similar to necrogis.

@ 2ol UR = A9t Y A 2L
A oAEA B2E H8 F2E 9] (opti
mally fizxed) ¥2-5 ot Zrlhd bloosl|s] FHepfe
AL o4 ¥ 3 T2 overfixation -2 underfixation

L M\%

Fig 5. Artifact caused by improper fixation. Mitochondria iz
often the first organelle damagzed by izchem ic injury and
by delayed fixation after sampling {arr ow).

Fig. 6. Artifact canzed by poor initial fi<ation and incomplate
fixation during photographic processing. Due to
improper fization, plasma membrane of the upper cell
shows a local dizcontinuity (arrow). Endoplasmic
reticulum are dilated. Cytoplasm and nucleoplasm
became electron lucent due to the lozs of zoluble
components. Electron dense stains (x) are cansed by
improper washing of the developer.
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M =%} {plama membrane) &

Fg. 7. Artifacts canzed by inadequate buffer. Inadequate buffer
or pH often produce artifacts cansed by inaufficient
buffering capacity. & s fixed with a glutaraldehyde
fixative with a buffer of pH 4.0 and B is fixed with a
paraformaldehyde fixative with a buffer of pH 40. In
both conditions, cellular structures are not properly
praservad,
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Fig. 8. Artifact cansed by inadequate infiltration of resin, Small
holes (arrows) are present.
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{4y EHH 2 (sectioning)

FHRA Z 2] v ME 7] (ultramicrotome)2] 7|4 F
A%, ZelAE A2 W knifed] A 21509 chatter
b A o chatters BRIk =37, &, i+l T
Ao B9 AL THD $2 HHo s
Z FYche A web AR AS AvgatEe]
HelalchFig o) 29 eg 2R} Adss
g AT 2N chatters] EAE EY 5 sich

Zhde| &AEA 2A M| Eo] AARA 2
A%, 29, 3 DI 402 G B9 4
E)o] dHEeA 2 ¥ ¢|F knifs marke} 2 Fig, 9B),
15t B4 FedA] AR 2= knife marks] M&

ol A7) 2 B M| AejA] ol
7P A5 = gl It knife markr} =9 2

—
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[

Fig. 9. Artifacts made during the sectioning. Chatter can be
identified by parallel lines with different section
thickness at right angle to the zection direction (4,
Provided by Mr. Je-Yong In, Kyunghee University
Medical Center). Knife marlk ismade by the fanlty knife
edge, which runs to the direction of the sectioning.

@& AasAt Az 22 2R o} Dk

2R TAL WIS r|Eez Fatnz 23
o ez YRR gnldA AFEE BFE 5
E gov 1% 39 knifed Aesi Ay Dol
FANA B8 e BRI 29¢ FH] e
A5 sleHFig. 10)

Fig, 10, Artifact made daring section. Thick sactions often
prevent from obzerving the ultrastructiral details.

° Il%ti z\’i f\ ®E \ijﬁﬁ 3
PR N

Fg 11, Artifacts canzed during collecting sections, staining,
and observation, Folds are often made by the improper
procedure to pick up sections. During observation,
gections are often torn by the electron beam (Arrow).
Uranyl acetate stain artifact apprear as irregular
electron dense precipitates (White arrow).
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{5) 4B 1A (staining)

A A ARE & A 2322 2Eot dAE=
$4902 & 2o Kol Hle $a22 U
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= dmAaq Ha4a urany
3 44 A 4718 28
25t B2 ?J;ﬂ‘ﬂﬂ'ﬂ' HHE AlEd ¥EFfer
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B2 235 AAZ = uranyl acetated]] 25t
AFEL 2 Dt EREE Az vehds
Fig. 11).

Lead citrated]] 2|5t <1382 A5 g8 =4
st 47k Bv= glx, GAEA & EdAke
2| £FHE CO, =2 d) 7] 22 CO,2) lead citrate
b akeste] AR AFHB(PC0,) AL 5o
wEhA, G Alddle Belvh 7] 29 olabEwiE
st AAR=S Rt e 99 e A
S W ol s9oz Al D2 nats A
o] wlEZEE 98 Ze|® NaOH pellete = #-&
petel dich 4] Baket Aol whebl ok Seveus &
Ichannessen, 1978). i 23t <1F=2 Fel= oA
@ EF my vz 2 g9 SE e

1]~_ o_.'_

v F=E

A= #HZ3F & gl

goz vEhPI= S, obF A2 T 97 A=

BolZ|= bt Fig 12). o] A5+ glelr B 47
<]-8% gold particle

i webA ot Ay i

Fig. 12, Artifact during staining. Lead stains appear as fine dots
of irregular size (Arrow).

Fig, 13, Artifact caused by ncomplete washing before fixation.
Incomplete washing leave tiszue fragments and other
elements on the tisme surface (B) obacwring structaral
details. &, well -washed sample.
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2 mopoz vEhbe A¥E donE sl 4%
49 gae A9 A% 4494 FaE 2
negative 982 AL A= uranyl acetate®] A-52F #

Hoz oo g 9 AA7F W48 5 4k

2) FAPHARHOIE AR ME

(1) A= %l (sampling)

AEAF A TEMeME 244 =z ¢ert SEM
qA BEE FolE e YukHor mwFEE %
Fg 2Hoz A5g WHE7] @R o4 e 42
dHolt HEFLFE AT 2AE AR HiM B
wel BFEe] gl o BAL F AAsteor g
Aol v 252a AEez 2almye o Ba

Fig. 14. Artifact cansed by improper fization. Whern the tissue
iz fixed with glutaraldehyde (A), tizsues are well
presarved even in the cenfer of the specimen. When
fired with paraformaldehyde (B), the center of the
apecimen may crumble,
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wobsiohd AlE g AT glola] Fot Aejas
7F At Fig. 13).

(2) & (fixation)

SEM®] 7% paraformaldehyded AR5t 275}
e S A AR 59 BB 2
Heol gort s RS TRt BLAE
Sl mAe] A 77 2 A%
T2 ] B Aot EAE ¢ sl Fig 14).

(3) E=1[A (dehydration)

AR gAY pE we

o]
7
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A 5 e

{4) A=z 2 A|EE=F (drying & attachment)

Az A TAEe S E AL 259 54
3t o AFRS Wl 24 T 24 Adse o
7l AzFt & FHRF B3 (Park et al, 1995,
HNMDS =3 TMSE <43 dj7|2 27 = 24, 44
AH71=27] (CPD)E o4-3 Az o] Al wls, 234
#Z7 (freezing dryer)& AFHESE 729 o] W3 Fe| 7}
FF uhch (Gabriel, 1982). wfeka], =24 whe} H=5
Az ddslelof ot HdslA] 42 dxEe
Age A Amt 240] goiAAt BeAE W

Fg 15, Artifact during the dehydration. Air dry of the
dehydrated tizssue causes the shrinlcage of the tisaue
components resulting in the space (B, arrow) and
wrinkling of the surface, Proper dehydrated and dried
apecimen lceeps the struchare well (A).
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Fg. 16, Artifact cansed during the drying process, Tearing of a
thin part of the cultured cell iz evident {arrow). Also
note the contam inant in the drying agent (»).

A5 o] vebdd Fig 16),

Az 2 ABE A2 (specimen stub)el] F-FA]Z
= Aas ddoz 42 o s o=
Aert HEd ¢ 5’\1‘:} =3t A= I3 ailver
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a7 43 w5 ‘%%1_ F = T pErt E2 4
= A A AlEdY g€ 22 W7 T4
W B0 WA BT e AE zari
SHAA A bl AlEEws HoHgozy
& g sl

{(5) ZEl {coating)

A Bobs 3~Gum A= WA FARA
#ulA o] F2 BFE] fldw AEde SEM A
Al FAw o] 1Akl =] 29k o] ] 2 g
oA TR Az wE dFaAEE FAEHA 4
of ZEht exd o] R H’o: FE-SEMo¢| o] B
FE 109 oide] g2 HFe] JhestA #

o wheh A = iw—‘—b%w}f%_’_&”b—-

Dize) Gl el A Alzel mas B3
F 9ol P2 A =4 Fig 17), Bk o)
& #F Ay AN, IR FASF ol g A (2
nm A=) #AZre] FPeE 00,8 AREFE osmium
plasma coater® AHESle] AlZmdd FA4AEE 4A
2 HY= YA FAld T oo ZERS

Fig. 17, Artifact cansed by coating material. The swrface of the
sample lools granalar due to the deposition of gold
particles (A). The granular deposition iz not present
when coated with osmivm tetroxide (B).
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2 223 ¥4F sty S48 e A6g
ZHE] e vErelrbis Fdste Aol viEkg
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e o
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A BN 22 K RS DA Wapel o= sded pem A% 23 9E ¢ v
pepdo) = St i, 19), A47F QAeHEls 20). 1=l BHES B9 s

TEMe S Do) SEMoIAE AAb) Ame 2 aelA AsA vekdeh Bd% 22 9% €0
A A=) Q¥ H=F conmast7t FHHe] A AWt T4 Fase T Aol

2) & (photographing)

Al F9F del = AA £ F =2 AR
Afz o3 &) FHAL AF, A 4% F Y
Ae) 2Ag THESA 2o A BHE A 2B
A mahE| FAZGFig. 21). =24 20 k(A

A HAG &2 =2 FHale] dAs e el 8l
H ¢]& charge-upe|&tw S (Fig. 19). o]

o

g

Fig. 18, Artifact due to a beam. Prolonged exposare to a amall
area (center) tendz to burn the tissue. Strong beam
often cause tearing or distortion of samples (note
cracls).

B
Fig, 20, Artifacts due to the astigmatism. Astigmatism along

Fig. 19. Artifact due to insufficient conduction coating. the 20 axis (A0, ¥ axiz (B) causes the distortion of the
[nzufficient coating often results in the glaring of the image. Even with the astigmatism corrected, when the
apacimen, which is called ‘charge-up’™ (A, cenfral focens is not correct (), defocused image iz produced.
area), which iz not present when the coating is Clear image iz obtained when astizmatismn iz corrected

sufficient (B). and properly focused (D).
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FEGFig 22). &2 4] 24+ FE FFAG 9E Yt ghA] 2 @A Abgshg @Ay
£ BASA| Boted o] T2y "W¥=® AHAHA F 0 strength, 2= WA 52 Pﬂ“é?‘?}?ﬂ 2EsA 23
22 H2 weEisiEz Fegds TAse dF A 9 W4 oA R dge] W F A HAY

.II

—
O

‘f*&

Qg o, #Hzg Fezireg Qe A4z ¢ uk=

W% A% AE =r ¥E% Seehice] W] 9

5 AMEIHE A ghE= RIZE F= gld

1} =E9 Y (developing) 2} MF 213 (printing)

Iz #@4 AAdH e Ae dFEE dEEHd ARzl Wr S’Jrzq = HEeiAe dFsL A4 %E
4 sl Fo Fxoz sy 47 @
o« & Efﬁi, 15}“‘ o] BEeAvt e FH =29
o] Al&siA] g ©o)x] B A A d

Fg. 21, Artifact cansed by double exposure. Error in loading
films or personal mistake can expose 2 Images on the
sarme film.

Fg. 22, Artifact cauzed by faulty exposure. Failure to get Fig. 23, Artifact due to careless handling of the film . Scratches
optimal exposure condition during photographing (too (A) and fingerprints (B, arrow) are among the most
long exposurs with a low brightness) canses a pichire common artifacts produced due to careless handling of
with a high confrast. the film.
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Fig. 24. Artifacts during the processing of the prints. Partial
failure to contact the developer leave a white area (A,
*) on prints. When leaving the paper in the developer
tray without stirring, parallel white lines are formed (B,
arow), Fallare to wash the fixer leaves an area without
an image (C, *),

el Aol HYHA k3 A HA 24 A
e ALyl A7 Fig 24A). = T £719] wpEe
°Ji1»%171» WAE] gl Az dF sofs] elFhA|
E E5e 74 g A4S 94 e @4 2Fe
= AP HFig 24B). AHAl 2l 4] QdFA} 9
22 fldo g g A]Feo] HAIE = oA 3253 o

=

Fg 25, Artifact made during the exposure. Touching the
enlarger m ay shift the location of printing paper results
in the double exposure.

St (Fig. 238). 1 B BF Azke] ¥ETAG £
o S AN A% AY A A e
A4el e FE 998 BEGFig 6). o
= »agaﬂ_ww 2ol WS Wgs s
26 2| & 720G

i %&ﬂ goh7)8 A=A AHAE Azelr
A% A8 BY 32 o7 =2 W] 4L =
N Fig. 25), Hh7) WAS ¥A%S Ahgoz
N Be P FEAD 4= 5l ol Fol =
AR AR 3 A ARAS e =2
Hel 27 41 AT ol 2 gy
o] ARRA A B AS= sleHEis, 24C).

01_

¢

4
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