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Abstract

In  this study, 104 soil samples a t deptlıs ranging from  0-5 cm and 20-25 cm 
vvere taken from  9 sanıpling sites vvitlıin the u rban  parts  o f İstanbul city and 1 site 
(control) outside of u rban  p a rt betvveen M ay and Septem ber 1999. Cd, Pb, Zn, Ni 
contents and some soil p roperties of these samples vvere determ ined. According to 
soil characteristics and heavy metal contents vve can conclude tha t the urban  soils 
of some p a rt of İstanbul have started  to become polluted vvith Pb and Zn. Analysis 
of soil samples slıovved the presence of Pb in ali of the soil samples at varying 
concentrations ranging from  24.87-445.6 mg kg '1 in spring 23.23-1121.20 mg kg '1 in 
autum u. In  spring, the Zn and Ni contents in the examined soils vvere found 
betvveen 30.27-310.0 mg kg"1 and 12.27-36.20 mg kg '1, respectively and it ranged 
betvveen 57.36-528.11 mg kg '1 and 15.43-45.05 mg kg '1, respectively in autum n.

Keyvvords: H eavy m etals, İstanbul, lead , soil po llu tion , u rban  soils

1. Introduction

Soil heavy  m eta l con tam ination  is a g rea t concern  vvorldvvide. E ven  though 
geochem ical p rocesses poses certa in  ievel o f  these con tam inant, the m ain  source o f  
po llu tion  is o rig inating  from  hum an  activ ities such  as m in ing , m etal sm elting  and 
su rfac ing  industry , traffıc and com bustion  o f  fossil fuels, ag ricu ltu ral use o f  pestic ides, 
vvood p ro tec tion  Chemicals, fertilizers and sevvage sludges (Allovvay, 1999; Lu et al., 
2007). H eavy  m etals ten d  to sp read  througlı a ir and vvater from  these antlıropogenic  
po llu tion  sources. E spec ia lly  traffıc activ ities genera te  heavy  m etals , particu la te  m atter 
and aeroso ls in the u rb an  roadvvay env ironm ent. L agervverff and S pech t (1970) reported  
tha t C d, N i, Pb  and Z n  in roadside  soil con tam ination  vvas re la ted  to  the com position  o f  
gasoline, m oto r oil and au tom obile  tires and to roadside  deposition  o f  residues o f  these
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m ateria ls. U n like  the organic po llu tan ts, m etals do no t b iodegrade and are genera lly  not 
m obile , therefore  their residence tim e in the soil is thousands o f  years (A driano , 2001; 
V assilev  et al., 2004). U rban  soils are the recip ien ts o f  large am ounts o f  heavy  m etals 
from  a varie ty  o f  sources (M anta et al., 2002) and thııs, h eavy  m etals in u rban  soils have 
b een  sho\vn to be very  ııseful indicators o f  env irönm enta l po llu tion  (K elly  et al., 1996). 
İn  areas w here public  gardens and parks are exposed  to sign ifıcan t po llu tion  levels o f  
heavy  m etals m ay  have toxic effects on p lan ts, an im als and  hum aıı be ings (Sânchez- 
C am azano  et al., 1994). P ruvo t et al. (2006) found a b road  range o f  m etal concen tration  
from  the u pper horizons o f  the urban  soils c lose to the fo rm er Pb sm elter in N orthern  
F rance. Pb concentrations \vhich p resen t in crops and vegetab les vvere also  found h igh 
due to the a tm ospheric  em issions and deposition  o f  the con tam inated  dust. It is usually  
knovvn that these partic les are key roııtes o f  exposure  to Pb for younger children , in 
particu la r via hand -to -m ou th  transfer. H eavy  m etal accum ulation  in soil and in p lants 
m ay  a lso  caııse tox icity  and  affect m etabolic  p rocesses o f  p lants (ICabata-Pendias and 
P end ias , 1992; B ayçu  et al., 2006). P rov id ing  in fo rm ation  abou t heavy  m etal deposition  
in  u rban  soils resu lting  from  road  traffıc rece ived  special a tten tion  in scien tifıc  researclı 
fo r m any years (O livares, 2003). U rban  soils are becom ing  m ore po llu ted  vvith heavy  
m etals com pare to forest and agricu ltu ral soils. T opso ils  from  green  areas in the cities 
shovv lıigher heavy  m etal concentrations than  the natu ral ones. D istribu tion  patterns o f  
the p o llu tan t m etals vvere suggested  tha t veh icle  traffıc  rep resen ts the m ost im portan t 
po llu tan t source for the stud ied  env ironm ent in P alerm o (M anta  et al., 2002). G arcia- 
M iragaya et al. (1981) reported  strong Pb po llu tion  in roadside soils at C aracas, 
V enezuela , due to heavy  traffıc o f  m oto r velıicles and  u tiliza tion  o f  leaded  gasoline. Pb 
added  to ftıel as tetra etliyi and it is d ischarged  into the env ironm en t as sm all inorganic 
Pb  partic les (M eııgel and K irkby, 2001). A ccord ing  to the sam e authors, on ly  m otor 
velıicles boug lıt after the year 2000  use un leaded  gaso line in V enezuela  and 
consequen tly  the sam e o r lıigher levels o f  Pb con tam ina tion  p revail. T he degree o f  
antlıropogenic  influence on the heavy  m eta l d istribu tion  in soils vvas stud ied  in the 
m etropo litan  area o f  M exico  C ity and  nearby  fo rested  areas. U rban  sam ples exposed  to 
d ifferen t traffıc conditions vvere taken from  a m etropo litan  zone vvith a lm ost no 
industria l in fluence and vvere analyzed  for Cd, Cu, Pb and Zıı. T he P b  levels vvere 
re la ted  to the traffıc conditions and soils exposed  to heavy  traffıc cond itions had the 
h ighest Pb concen trations (M orton-B erm ea e t al., 2002). Pb  had the h ig lıest en richm ent 
fac to r in forest so ils and C u, C d and Zn, vvith lovver en richm en t fac to r than P b  in 
po llu ted  urban  areas o f  M exico  C ity  (M orton -B erm ea et al., 2002). T urkey  is a 
develop ing  country  vvith large m ajo rity  o f  p o pu la tion  in lıab iting  cities. H eating  is 
m ostly  ach ieved  througlı fossil fuel b u rn ing  during  the vvinter m ontlıs and caused 
in tensive  a ir p o llu tion  together vvith industry  and traffıc em issions o f  leaded  gasoline. 
E spec ia lly  Pb is being  released  into the env ironm ent because  o f  industria l uses and from  
the com bustion  o f  fossil fuels. T he h igh  heavy  m eta l co n ten t in roadsides and urban  
soils is m ostly  due to the density  o f  the traffıc , vvhich is considered  one o f  the m ajör 
sources o f  heavy  m etal con tam ination  in  T urkey , because  un leaded  gasoline vvas 
expensive  and drivers m ostly  p referred  leaded  gaso line  fo r m any  years (A ksoy  et al., 
2000). İstanbul is the b iggest and m ostly  pop u la ted  c ity  o f  T u rk ey  inc lud ing  highvvays 
vvith dense au tom obile  traffıc and industria l en terp rises located  around  the city.
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W e aim ed to determ ine total concen trations o f  Cd, Pb, Zn and N i in  the urban 
soils from  d iffe ren t locations o f  İstanbul and to iııvestigate the  re la tionsh ips vvith certain  
physicochem ical p roperties o f  soils and  seasonal varia tions. T he vvork is in tended  to be 
a base  fo r future investiga tions o f  exhaust em issions lead ing  to seasonal changes in 
concen tra tions o f  C d, Pb, Z n  and N i. W hile the p ro d u e tio n  and usage o f  p rem ium  
gaso line started  to decrease, the p roduetion  and usage o f  un îeaded  p rem ium  gaso line has 
started  to inerease especia lly  in the year o f  2000. A ccord ing  to Y ener (2007), heavy 
m etal concen tra tions in the soils o f  İstanbul are decreasing , p resum ab ly  because o f  the 
in itia tion  o f  un îeaded  gaso line in 2000  and the tran sfer o f  industria l estab lishm en ts 
outside the city . F o r this reason, our investigation  vvill b ring  an idea abou t tlıe last basic 
data o f  u rban  soil po llu tion  befo re  the un îeaded  gaso line usage  in İstanbul, T urkey.

2. Materials and Metlıods

2.1. Sampling locations

İs tanbu l lies botlı on  the A sian  and E uropean  contineııts (28° 08 '-29° 55' east 
longitudes and 41° 3 3 -4 0 °  48 ' north  latitudes) and vvith the B osphorus in betvveen it is 
the m ost popu la ted  c ity  o f  T urkey . Soil sam ples vvere taken  in M ay and Sep tem ber in 
1999 from  n ine locations inelud ing  urban  parks and  roadsides o f  İs tanbu l u nder the 
influence o f  vary ing  traffic densities and from  one con tro l site (S İ )  at İstanbul 
U n iversity  R esearch  F orest (F igüre 1 and  T able  1).

2.2. Sampling metlıods

In M ay  and at tlıe end  o f  S ep tem ber 1999, tree soil sam ples vvere taken  from  
d ifferen t po in ts at dep th  levels o f  0-5 cm  and 20-25 cm  from  8 o f  the 10 sam ple sites. 
Soil sam ples vvere taken  only  from  2 points at site  S8 and 1 p o in t from  site S9. A nd due 
to the soil be ing  too rocky  at the depth  o f  20-25 cm , on ly  2 po in ts at site S2 and S3 vvere 
taken. In this vvay, a to tal o f  104 (52 in M ay  and  52 in S ep tem ber) so il sam ples vvere 
co llec ted  for analysis. T o ta lly  104 core soil sam ples (100  cm 3) vvhich vvere taken  from  
topsoils at 20-25 cm  depths they  vvere air-d ried  in a room  tem perature .

2.3. Soil analysis

A ir d ried  soil sam ples vvhich vvere passed  th rough  a 2- m m  sieve, vvere d ried  at 
105 °C fo r 14-15 hours. T he follovving physica l and  chem ical p roperties vvere 
determ ined  accord ing  to the p rocedures re fe rred  by G ülçur (1974): texture (p a r tid e  
d iam eter) by  the B ouyoucous hyd rom eter m ethod , pFI in a soil-vvater ra tio  o f  1:2.5 by  
I-Ianna M icrop rocesso r pH  M eter, o rganic carbon  con ten t by  the W a lk ley -B lack  vvet 
ox idation  procedure , to tal n itrogen  by  K je ldah l m ethod , e lec trica l conductiv ity  o f  soil- 
vvater exracts a t 1:5 ratio  b y  InoL ab  C ond Level 1 b rand  equipm ent, C a C 0 3 by 
Scheib ler ca lc im eter. C adm ium  (C d), lead  (Pb), z inc (Z n), n ickel (N i) and po tassium  
(K ) concen tra tions o f  the sieved  (0 .25-m m  m esh), öven  dried  (105 °C, 3 days) and vvet- 
d igested  (100  m g dvv/5 m İ 65 % H N 0 3, 300 °C, 4 days) soil sam ples vvere determ ined  
by atom ic absorp tion  spectropho tom etry  (S h im adzu  A A -680) (m od ified  Sastre e t al., 
2002).
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F igüre  1. L ocation  o f  the sam pling  sites. 
Şekil 1. Ö rnek  alan ların  yerleri.
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T a b le  1 

T a b lo  1

. D is t r ib u t io n  o f  s a m p l in g  s i te s .  

. Ö r n e k  a la n la r ın  d a ğ ı l ım ı .

N o. L ocation

Sİ İstanbu l U n iv crs ity -F acu lty  o f  F o rc s try /E d u ca tio n  and  R e search  F o re s t-B ah çek ö y  
(C o n tro l)

S2 S araçh an e  U rban  P ark -S a raçh an e

S3 O ld C ity  W alls V ic in ity -E d irn ek ap ı

S4 T ak sim  U rban  P a rk -T ak sim

S5 D em o cracy  U rban  P ark -M açk a

S6 Ç ağ lay an  U rban  P a rk -Ç ağ lay an

S 7 Y ah y a  K em al U rban  P ark  /  B a rbaros B o u lcv a rd -B eş ik ta ş

SS B o sp h o ru s B ridge  /  A sian  S id e  E xit (E -5  H ighvvay)-B eylerbey i In tersec tion

S9 B o sp h o ru s B ridge /  E u ropean  S ide E x it (E -5  Highvvay) v ic in ity

S 10 C ezay irli H aşan  P aşa  U rban  P a rk -K as ım p aşa

2.4. Statistical analysis

Tlıe SPSS 10.0 for W indow s p rog ram  vvas used for ali s ta tistical analyses (SPSS, 
C hicago , IL, U S A ). C orrelations am ong  d ifferen t analyzed  param eters vvere tested  using  
P earson 's co rrelation  coefficient. R esu lts vvere considered  sign ifıcan t at P  < 0.05.

3. Results

In  th is study  the soil sam ples taken  from  the co n tro l site (S İ )  a t the R esearch  
F o res t are considered  to be natural. O n the o ther hand , tlıose taken from  the urban  parks 
aııd roadsides o f  the c ity  are genera lly  m ade up o f  so ils and o ther m ateria ls b rough t in 
from  elsevvhere.

T he soil on the sam pling  sites ranged  from  loam y c lay  and sandy-loam y clay. 
soil pl-l d isp layed  a sign ifıcan t increase in  fail com paring  to season. E lec trica l 
co ııductiv ity  vvas ıneasured  belovv 500 jrS c m '1. T here  vvas no lim e in the S İ site; the 
h ighest level o f  lim e vvas found  at S2 (top  soil) and a t S3 (subso il) (T able 2).

T he organ ic  carbon  con ten t in the soils obtaiııed  from  the city  and  also from  the 
con tro l site  d isp layed  a h ig h er level in the topso il as com pared  to the subsoils in  both  
spring and autum n. G enerally , total n itrogen  con ten t o f  the topso il sam ples taken  in both  
seasons is h igher in con ıparison  to the subsoils. N itrogen  and  po tassium  values for the 
subsoil vary  betvveen 0 .05-0 .2  % and 0 .2 -0 .7  % , respective ly  (T able 2).

C d concentrations vvere g enera lly  h ig h e r at the S2, S9 and S10 sam ple sites. 
G enerally , cadm ium  tends to accum ulate  m ore  in topso ils, hovvever, in th is study  Cd 
accum ulation  at the top soils tends to rem ain  at lovver concen tra tions (T ab le  3).
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T ab le  2. Som e ph y sica l and Chemical p ropertie s o f  the soil sam ples. 
T ab lo  2. T o p rak  ö rneklerin in  bazı fiz iksel ve k im yasal özellik leri.

Sam pling
No.

Deptlıs

Saııd

(%)

Sili

(% )

Clay

(% )

pH (1:2.5 H ,0 ) EC (1:5 H20  /i S c m '1) CaCO.\ (% )

Spring Autların Spring A ulunın Spring Autıım n

Sİ
0-5 65.0 ± 7 .0 16.7 ± 5 .8 18.3 ±  1.5 6.29 ±  0.6S 6.68 ± 0.45 321 ±  113 428 ± 2 0 2 0.0 0.0

20-25 49.7 ± 8 .7 20.3 ±  3.2 30.0 ± 6 .6 6.32 ± 0 .7 9 6.67 ± 0 .5 0 S2 ± 31 91 ± 5 0 0.0 0.0

S2
0-5 72.0 ±  4.4 13.0 ± 4 .4 15.0 ± 0 .0 7.38 ± 0 .2 1 S.29 ±  0.34 5 2 8 ± 150 767 ±  56 21.45 ± 5 .2 9 22.57 ± 2 .9 2

20-25 74.5 ±  13.4 13.0 ± 8 .5 12.5 ± 4 .9 7.91 ± 0 .0 0 8.37 ± 0 .0 6 300 ±  19 299 ± 3 6 22.34 ± 3 .7 7 27.67 ± 0.87

S3
0-5 60.3 ±  8.4 16.0 ± 3 .5 23.7 ± 4 .9 7.62 ±  0.24 - S.23 ±  0.09 ' 3S9 ±  26 734 ± 3 7 7 4.03 ± 1.20 6.49 ±  6.00

20-25 59.5 ± 9 .2 16.0 ±  1.4 24.0 ± 7 .1 8.17 ± 0 .2 5 8.16 ± 0 .3 0 302 ±  29 376 ±  88 32.58 ± 0.87 34.22 ± 2 .6 1

S4
0-5 58.3 ±  11.0 17.7 ± 3 .5 24.7 ±  7.2 7.56 ± 0 .1 9 7.81 ± 0 .0 6 335 ±  18 4 0 6 ± 109 10.31 ± 6 .9 3 10.31 ± 7 .9 6

20-25 57.0 ±  12.5 15.3 ± 4 .0 27.7 ±  11.0 7.78 ±  0.06 8.12 ± 0 .2 8 199 ± 3 2 262 ±  55 14.34 ±11.28 16.60 ±  12.75

S5
0-5 81.3 ±  5.1 10.0 ± 3 .0 8.7 ± 2 .3 7.13 ± 0 .3 3 7.73 ± 0 .1 3 396 ±  86 409 ± 4 7 2.18 ±  1.86 2.53 ±  0.43

20-25 74.7 ±  1.2 11.3 ±  1.2 14.0 ± 0 .0 7.91 ± 0 .2 4 S .14 ±  0.20 196 ± 2 3 262 ±  59 S.74 ±  0.32 6.76 ± 2 .1 7

S6
0-5 70.7 ± 9 .1 16.0 ± 4 .0 14.0 ± 5 .3 7.41 ± 0 .0 8 7.83 ± 0 .0 9 395 ±  9S 554 ±  99 8.16 ±  1.43 5.53 ± 2 .1 4

20-25 67.0 ±  7.5 15.7 ±  1.5 17.7 ± 6 .0 7.S4 ±  0.03 8.26 ± 0 .11 189 ±  20 243 ±  23 9.49 ± 5 .41 8.32 ±  3.05

S7
0-5 47.3 ± 8 .1 20.0 ± 4 .6 32.3 ± 5 .1 7.26 ±  0.34 7.70 ± 0 .5 2 389 ± 9 2 568 ± 4 6 8 1.98 ±  1.51 2.14 ±  1.20

20-25 49.7  ±  19.4 20.3 ±  6.4 29.7 ±  12.9 7.21 ±  1.31 7.55 ±  1.36 134 ± 4 S 181 ± 8 6 2.80 ± 3 .2 4 4.S5 ±  4.26

SS
0-5 49.5 ±  0.7 22.0 ± 0 .0 28.5 ± 0 .7 7.42 ±  0.23 7.92 ±  0.09 361 ± 3 0 479 ± 8 8.50 ± 8 .2 6 7.28 ±  6.S1

20-25 50.5 ± 3 .5 18.5 ± 2 .1 30.5 ± 0 .7 7.66 ±  0.22 7.97 ± 0.20 192 ±  3 22S ±  33 9.32 ±  9.42 6.36 ± 5 .5 1

S9
0-5 60.0 18.0 22.0 7.39 7.83 403 317 8.40 14.75

20-25 43 25 32 7.68 8.11 209 282 2.S7 13.52

S10
0-5 6S.0 ±  4.6 16.3 ±  3.8 15.7 ±  1.2 7.39 ± 0 .1 7 8.16 ± 0 .2 7 4 6 9 ±  118 533 ±  23 7.58 ± 3 .8 4 7.44 ±  4.63

20-25 53.3 ±  15.0 21.0 ± 4 .0 26.0 ±  13.2 7.77 ± 0 .1 6 8.23 ± 0 .1 1 334 ± 2 6 6 266 ±  69 6.63 ± 5 .41 5.S8 ±  5.69
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T ab le  2. continued. 
T ab lo  2 ’n in  devam ı.

Sam pling Corg (%) N (% ) K (% )
No.

Depılıs Spring A utum n Spring A utum n Spring A utum n

Sİ
0-5 6.55 ± 1.46 6.01 ±  1.41 0.447 ± 0 .1 0 9 0.473 ± 0 .1 0 5 0.523 ± 0 .1 9 1 0.568 ±  0.308

20-25 1.75 ± 0 .1 2 0.98 ±  0.42 0.142 ± 0 .0 3 6 0.117 ±  0.017 0.385 ±  0.045 0.827 ± 0 .2 S 9

S2
0-5 4.30 ±  0.94 4.89 ± 0 .1 9 0.426 ± 0 .0 S 0 0.480 ± 0 .0 3 7 0.272 ±  0.060 0.452 ±  0.075

20-25 1.34 ±  0.17 1.66 ±  0.17 0.108 ± 0 .0 4 7 0.10S ± 0.002 0.253 ± 0 .0 3 3 0.256 ± 0 .1 1 0

S3
0-5 0.87 ±  0.24 0.79 ±  0.32 0.0S8 ±  0.007 0.100 ± 0 .0 1 0 0.351 ± 0 .0 7 2 0.310 ± 0 .0 6 5

20-25 0.86 ± 0 .0 6 0.90 ± 0 .11 0.077 ±  0.004 0.059 ± 0 .0 1 9 0.392 ±  0.057 0.396 ± 0 .1 7 9

S4
0-5 2.56 ± 0 .6 8 3.18 ± 0 .4 0 0.23S ±  0.033 0 .2 S S ±  0.017 0.456 ± 0 .071 0.425 ± 0 .0 6 7

20-25 0.82 ±  0.0S 0.95 ±  0.23 0.109 ±  0.010 0.114 ± 0 .0 0 9 0.495 ±  0.064 0.461 ± 0 .0 8 6

S5
0-5 2.96 ±  1.37 3.34 ±  0.47 0.284 ± 0 .1 0 8 0.320 ± 0 .1 0 6 0.318 ± 0 .0 2 5 0.244 ± 0 .0 4 1

20-25 0.63 ±  0.47 0.85 ±  0.54 0.069 ± 0 .0 1 0 0.135 ± 0 .0 8 6 0.424 ± 0 .2 1 2 0.452 ± 0 .1 3 1

S6
0-5 4.61 ± 2 .21 6.06 ±  1.30 0.355 ±  0.19S 0.477 ± 0 .1 3 0 0.357 ± 0 .0 9 6 0.267 ±  0.068

20-25 0.90 ±  0.20 0.39 ± 0 .0 9 0.099 ± 0 .0 2 0 0.070 ± 0 .0 1 1 0.435 ± 0 .20S 0.397 ±  0.22S

S İ
0-5 2.96 ± 0 .41 4.46 ±  1.25 0.318 ± 0 .0 8 0 0.419 ±  0.128 0.504 ±  0.242 0.409 ± 0 .1 2 6

20-25 0.79 ±  0.12 0.69 ± 0 .1 7 0.080 ±  0.020 0.104 ± 0 .0 2 0 0.509 ± 0 .2 1 7 0.280 ± 0 .0 4 S

SS
0-5 5.96 ±  0.45 5.64 ±  1.14 0.447 ±  0.028 0.470 ± 0 . 0 İS 0.665 ± 0 .1 5 8 0.421 ± 0 .0 1 5

20-25 1.46 ± 0 .2 3 1.38 ±  1.02 0.151 ± 0 .0 5 5 0.173 ± 0 .0 7 1 0.639 ± 0 .2 S 5 0.644 ± 0 .211

S9
0-5 3.95 4.19 0.261 0.261 0.653 0.204

20-25 1.14 1.14 0.109 0.112 0.667 0.325

S10
0-5 4 .86 ±  1.14 5.75 ±  1.76 0.391 ± 0 .0 6 7 0.531 ± 0 .1 2 3 0.332 ±  0.098 0 .4 4 S ±  0.157

20-25 1.67 ± 1.20 1.42 ±  1.3S 0.139 ± 0 .0 7 6 0.149 ± 0 .0 8 6 0.364 ± 0.052 0.314 ± 0 .0 3 3
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T ab le  3. T o ta l heavy  m etal concen tra tions in soil sam ples (m g k g '1).
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Sanıpling Cd Pb Zn Ni
N o.

Depths Spring A utum n Spring A utum n Spring A utum n Spring A utum n

Sİ
0-5 0.49±0.25 0 .0 4 i0 .0 7 24.87±4.20 3 S .5 3 Ü 2 .7 2 5 S .0 2 Ü 8 .0 5 125 .3 9 Ü  1.69 15 .40 i3 .40 3 6 .0 7 Ü 4 .0 1

20-25 0.34±0.23 0.07±0.12 26.03±4.15 40 .27± 21 .99 4 3 .3 0 Ü  7.10 1 15 .70 i29 .92 18 .57 i9 .3 9 3 S .1 9 Ü S .6 0

S2
0-5 0 .28± 0 .I3 0 .7 2 i0 .2 2 2 4 7 .2 3 ± 1 18.43 746.49±72.56 155 .48 i46 .23 529.1 Ü 7 8 .8 2 2 2 .9 0 i2 .7 4 4 5 .0 5 i3 .1 6

20-25 0 .1 8 i0 .2 5 0 .0 8 ± 0 .1 1 290.45±37.55 464 .85± 176.56 7 2 .7 3 i2 4 .5 0 I3 8 .7 6 i6 1 .3 2 20 .95 i7 .71 1 5 .4 3 Ü .65

S3
0-5 O .lö iO .lO 0 .1 2 i0 .1 5 26.63±5.93 3 2 .8 7 Ü 7 .1 7 - 3 0 .2 7 i3 . l l 5 7 .3 6 il3 .3 5 19 .57 i6 .60 2 9 .0 4 i4 .6 0

20-25 0 .1 0 i0 .1 3 0.14±0.19 7 3 .8 5 Ü  7.8 82.75±6.86 5 3 .2 5 i5 .0 9 6 4 .7 3 i3 I .4 1 2 7 .0 0 i5 .9 4 2 7 .3 1 i8 .4 7

S4
0-5 0 .0 6 i0 .0 6 0.26±0.28 79.80±28.54 91.80±46.82 72 .0 0 Ü 9 .7 1 126 .78 i35 .60 2 0 .5 3 i6 .3 3 3 3 .5 Ü 3 .5 9

20-25 0.18±0.29 0 .0 5 i0 .0 9 88.93±33.25 129.68±121.76 6 3 .4 5 Ü  1.64 l l l .5 7 i4 3 .0 7 3 0 .8 8 i3 .0 8 2 5 .4 6 Ü  .32

S5
0-5 0 .1 5 i0 .2 3 0 .0 8 i0 .0 6 29.53±6.36 23.23±2.74 4 0 .3 8 i5 .4 9 6 3 .7 Ü 3 .5 6 12.27i3.91 17 .55 i5 .2 2

20-25 O.IOiO.lO 0.02±0.03 53.97±28.12 86.69±27.63 70 .3 3 Ü 3 .0 1 156.19 i29 .0S 16 .03 i4 .20 3 3 .7 Ü 6 .7 3

S6
0-5 0.18±0.09 0.33±0.12 114 .6 3 Ü 2 .0 0 102.37±28.30 1 63 .75 i42 .77 2 6 9 .4 6 Ü  45.60 16.72i3.91 2 5 .5 Ü 6 .7 6

20-25 0.05±0.07 0.24±0.16 6 2 .7 0 Ü 4 .9 0 62.32±57.45 87 .7 7 i2 4 .1 9 131 .36 i66 .62 24 .00 i7 .S 8 2 4 .7 6 Ü 6 .3 2

S7
0-5 0.15±0.03 0.23±0.06 44.13±20.44 108 .39 i99 .69 8 0 .4 S Ü 7 .5 9 9 2 .7 6 i2 4 .6 4 17 .80 i3 .56 3 4 .2 8 Ü  4.60

20-25 0.2S±0.08 0 .2 3 ± 0 .1 1 52.67±33.75 110 .2 3 Ü  03.50 6 5 .0 8 i2 3 .3 8 6 4 .7 9 Ü  2.45 2 1 .1 0 Ü .93 2 1 .9 2 i2 .5 8

S8
0-5 0.23±0.32 0.31±0.23 11 2 .40Ü 6 .83 8 6 .5 0 i9 .7 6 1 4 9 .90 i61 .94 139 .46 i62 .37 29 .9 0 i4 .4 5 3 4 .4 7 i2 .9 0

20-25 0 .2 6 i0 .0 2 0.31±0.02 3 5 .0 0 Ü  8.24 2 7 .0 0 Ü  2.02 6 S .9 5 Ü 0 .5 4 1 0 4 .6 Ü 2 .4 0 3 5 .2 5 i3 .1 8 3 4 .2 5 Ü .62

S9
0-5 0.33 0.12 437.90 1121.20 310.00 380.20 24.55 19.02

20-25 0.49 0.13 445.60 126.65 113.20 321.73 36.20 20.27

S10
0-5 0 .4 4 i0 .0 3 0.24±0.12 99.80±62.79 77 .3 1 i6 3 .9 2 161.45i2S .53 2 2 5 .7 9 i5 1 .6 5 2 4 .3 3 i9 .6 9 3 2 .3 Ü 7 .3 3

20-25 0.26±0.24 0.23±0.10 123 .40Ü  34.04 63 .70 i49 .71 1 25 .33 i83 .16 135 .64 i73 .32 2 7 .2 3 Ü  .27 3 1 .87Ü  .00
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Pb concen trations in  the soils ob ta ined  from  w itlıin  the c ity  w ere genera lly  lıigher 
in com parison  to the con tro l site, excep t P b  concen tra tion  o f  S5 at 0-5 cm  depth  in 
autum . T he h ighest concen tra tions o f  Pb for bo th  seasons \vere found  at sam ple site S9 
fo llow ed  by  sam ple site S2 at 20-25 cm  dep th  in autum n. P b  con ten t at S9 and S2 can  
be ca tegorized  as “very  p o llu ted ” (T ab le  3).

Z n  concen tra tions in  the topso ils -w ith  the excep tion  o f  a few  sites- \vere 
genera lly  h igher in  com parison  to the subso ils and increased  during autum n. T he topsoil 
Z n  values w ere genera lly  ‘h ig h ’ at S2, S6, S8 and S10 bu t “ very  h ig h ” a t S9 in spring 
(T ab le  3).

N i con ten t o f  the soils -bo th  in sp ring  and au tum n- genera lly  rem ained  below  the 
lim it value, bu t w e have also  found h igher concen tra tions in  som e o f  the sam ples (T able
3).

I t is observed  tha t there are seasonal varia tions in Cd, Pb, Zn and N i w hen  
exam ined  in re la tionsh ip  to soil characteristics and vvith one anotlıer (T ab le  4).

4. Discussion

L arge am ounts o f  heavy  rrietals from  a varie ty  o f  p o llu tan t sources -v e lıic le  
em issions, industria l vvastes ete.- accum ulate  on  the topso il and v eg e ta tion  (dry  
deposition ) and then reach  to  the subsoil th rough  ra in fa ll (vvet deposition) and leak  
(S ânchez-C am azano  et al., 1994).

In  this study, C d accum ulation  in the topso ils  tends to rem ain  at lovver 
concentrations. A ccord ing  to Allovvay (1999), C d con ten t in  soil m ostly  stays betvveen 
0.01-1 m g k g '1. W hen  evalua ting  the C d content, in  a li the  sam ple  sites it vvas observed  
that no value exceeded  1 m g kg’1. In  A ustria , so ils hav ing  a C d level o f  betvveen 1.01-
3.0 m g k g '1 are accep ted  as be ing  “p o llu ted ” (Sm idt, 2000). So, accord ing  to this data, 
İstanbul soils have n o t ye t started  to becom e po llu ted  by  Cd.

S oils hav ing  a P b  con ten t o f  above 100 m g k g '1 are accep ted  as be ing  ‘p o llu ted ’, 
vvhile 200  m g k g '1 and h igher is considered  as “very  p o llu ted ” (Sm idt, 2000). D uring  
spring, the P b  concentrations in the soils o f  various reg ions o f  İstanbul varied  betvveen 
24 .87  - 445 .6  m g k g '1. O n the o ther hand, in a sign ifıcan t n um ber o f  the sites there vvas 
an inerease in Pb  quantity  in  au tum n vvhich vvas found  to  range betvveen 23 .23-1121 .20  
m g kg"1 (T ab le  3). T he Pb contents at S9 and S2 vvere genera lly  5-6 tim es h igher than 
the th resho ld  values and can  be ca tegorized  as g enera lly  “v ery  po llu ted ” . O ur results 
m ay  be ovving to the in tensive  traffıc and  P b  con ten t o f  the exhaust gases. A ccord ing  to 
an  investiga tion  (O na et al., 2006) carried  ou t in the  Central parts o f  Ph ilipp ines, the 
average soil Pb concen tra tions in  S an  F em ando , O longapo , M alo los, B alanga and 
C abanatuan  cities exceeded  m ax im um  value o f  Pb concen tra tion  (25 m g k g '1) vvhich 
vvas m easured  in natu ra l s o i l . O nly  San Juan  in  Site 4  had  a Pb concen tra tion  o f  >  250 
m g k g '1. D ata  gathered  from  the study  areas slıovved tha t e leva ted  levels o f  Pb in  soil 
vvere due p rim arily  to v eh icu la r em issions and p a rtly  to igneous aetiv ity . W hen  m aking 
a com parison  vvith certa in  o th e r c ities, in  au tum n the average P b  concentrations in the 
soil o f  0-5 cm  depth  in  İstanbul vvhich are quite h ig h e r than  m any  o ther cities (e.g. 
M adrid , Seville, B angkok, H ong K ong, S tockholm , A n ta lya) indicate tha t the m ajör 
source o f  P b  con tam ination  in urban  soils is v eh icu la r em issio n  (T ab le  5).
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T ab le  4. T he re la tionsh ips bet\veen  the C d, Pb , Zn, N i concen tra tions and  som e p ropertie s o f  the so il sam ples taken  from  the urban  
sites in spring  and  autum n seasons (n =  52) (* S ign ifıcan t a t P <  0 .05, ** S ign ifıcan t at P <  0 .01, *** S ign ifıcan t at P <  0 .001). 
T ab lo  4. C d, Pb, Zn, N i konsan trasyon la rı ile ilkbahar ve sonbahar m evsim lerinde  ken tsel a landan  a lm an  top rak  ö rnek lerin in  bazı 
özellik leri a rasındaki ilişk iler (n  =  52) (* önem  düzey i P <  0 .05, ** önem  düzey i P <  0 .01, *** önem  düzey i P <  0 .001).

S p rin g

S and S ilt C lay PH h20 EC C a C 0 3 N c'- 'o rg K C d Pb Z n

C d - 0 .035 0 .200 - 0 .0 6 7 - 0 .2 9 2 * 0 .1 4 6 -0 .1 0 2 0 .247 0 .3 1 6 * 0 .029 1

Pb 0 .1 0 9 0.043 -0 .1 7 3 0 .2 4 4 0 .156 0 .3 5 2 * * 0 .074 0 .082 -0 .0 0 2 0 .1 8 0 1

Z n 0.093 0 .1 6 6 -0 .2 1 0 0 .098 0 .4 5 7 * * * 0 .168 0 .4 6 2 * * * 0 .494*** 0.121 0.2SS* 0 .6 1 4 * * * 1

N i - 0.391 ** 0 .39 8 * * 0 .3 5 4 * * 0 .3 5 4 -0 .1 2 5 0.271 -0 .1 0 7 - 0 .1 1 7 0 .3 4 5 * 0 .120 0 .3 2 7 * 0 .2 7 4 *

A u tu m n

S and S ilt C lay p f İH 2 0 EC C a C 0 3 N c org K C d Pb Z n

C d - 0 .008 0.071 - 0 .046 0 .185 0 .3 0 6 * 0.191 0 .3 1 8 * 0 .269 -0 .1 6 7 1

Pb 0 .228 -0 .1 9 1 - 0 .227 0 .2 5 4 0.253 0 .4 8 3 * * * 0 .1 8 6 0.211 -0 .1 0 8 0 .37 9 * * 1

Z n 0 .2 7 2 -0 .1 5 3 -0 .2 9 9 * 0 .195 0 .3 4 8 * 0 .2 8 6 * 0 .4 7 3 * * * 0 .4 5 1 * * * 0 .046 0 .5 4 0 * * * 0 .7 1 8 * * *  1

N i - 0 .203 0 .2 1 6 0.181 -0 .1 7 1 0 .2 7 7 * * - 0 .1 0 9 0 .3 4 7 * 0 .248 0 .631*** 0 .190 0 .0 8 9  0 .3 2 7 *
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T ab le  5. C om parison  o f  average heav y  m etal concen tra tions in the u rban  soils (m g k g '1).
T ab lo  5. K en t top rak larındak i o rta lam a ağ ır m etal k onsan trasyon la rın ın  karşılaş tırılm ası (m g k g '1).

C ity
D eptlı
(cm )

n C d Pb Zn N i R cferen ces

Ç o ru n a 0-5 15 0.3 309 206 28 C a l-P ric to  e t al. (2001)

M a d rid 0-20 55 161 210 14.1 D e M igue l e t al. (19 9 8 )

0-10 31 137 145 21 .9
S ev ille M ad rid  et al. (2002)

10-20 31 163 131 23 .2

N ap les 0 -2 173 262 251 Im perato  et al. (20 0 3 )

P ale rm o * 0-10 70 0.68 20 2 138 17.8 M an ta  et al. (20 0 2 )

S to ck h o lm 0-5 42 0 .40 101 171 12.8 L inde e t al. (20 0 1 )

B an g k o k 0-5 30 0 .29 47 .8 118 24.8 W ilck e  at al. (199S)

H o n g  K ong 0-10 5 94 2 .18 93 .4 168 Li et al. (2 0 0 1 )

H o n g  K ong 0-15 152 0 .62 94 .6 125 12.4 Li e t al. (2 0 0 4 )

A n ta ly a 0-5 73 1.33 36.5 189 81.5 G ü venç e t al. (20 0 3 )

0-5 27 0 .2 4 98.61 107.23 19.74
— S p rin g—* * JD 20-25 25 0.21 9 8 .6 9 74.75 24 .64CC3 İn th is s tudy
tn 0-5 2 7 0 .25 183.60 190.01 31.41

~  A u tum n
20-25 25 0.15 110.18 123.35 28 .08

Soil range 0 .0 1 -2 .0 2-3 0 0 1-900 2-750 Allcnvay (1 9 9 9 )

C ritica l va lues 3 -8 100-400 70-400 100 Allovvay (1 9 9 9 )

* M edian
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In a c lassifica tion  done for A ustrian  so ils, Z n  concen tra tions betvveen 21-50 m g 
k g '1 are designated  as be ing  “ norm al” ; betvveen 51-150  m g k g '1 are “above no rm al” ; 
betvveen 151-300 m g k g '1 are ‘h ig h ’; and above 300 m g k g '1 are ‘very  h ig h ’ (Sm idt, 
2000). W hen  evalua ting  Z n con ten t in so ils in  the light o f  this inform ation , very  fevv 
sam ple sites Iie vvithin the “n o rm al” ca tegory  (21-50  m g kg"1). It is seen  tha t the m ajör 
po rtion  o f  the soils Iie vvithin the “above no rm al” ca tego ry  ranging  betvveen 51-150 m g 
k g '1. In  com parison  to o ther cities, the average  Zn con ten t in İstanbul so ils o f  0-5 cm  
depth  are fovver in spring  bu t h igher ali o ther cities in  au tum n  vvith the excep tion  o f  
M adrid , Ç oruna and N ap les (T ab le  5). T he Z n  con ten t in  soil is dependen t on  the paren t 
m ateria l m inera logy  and its con ten t tends to change as a resu lt o f  hum an  activ ity . T he 
accum ulation  o f  Z n is m ostly  caused  by  an th ropogen ic  sources, a tm ospheric  deposition , 
m ix ing  o f  sludge vvastes in soils, fertilization  vvith organ ic  or syn thetic  fertilizers, lim ing 
and usage o f  pestic ides in ag ricu ltu re  (K iekens, 1999). T he h igh  am ounts o f  Z n in the 
soils o f  İs tanbul m ay  be due to various sources o f  em ission . A s m en tioned  earlie r the 
traffıc a t sites S2 and S9 is particu la rly  dense. T hus, the h igh  Z n concen tra tions at these 
tvvo sites m ay  be a ttribu ted  to the exhaust gases. Z n  m ay have also accum ulated  in soil 
(S 10) during  the p rodue tion  or m ain tenance o f  ships in  the G o lden  H o m  shipyard .

N i values in soils vary  betvveen 2-750  m g k g '1, vvith the h ighest value accep ted  as 
being  50 m g k g '1 (M cG ratlı, 1999). N i con ten t in the sam ple soils b o th  in spring  and 
au tum n genera lly  rem ained  belovv the 50 m g k g '1 lim it value. Hovvever, average N i 
concen tra tions o f  soil in au tum n vvere h igher in com parison  vvith o ther cities excep t 
A n ta lya  (T ab le  5). M cG rath  (1999) States tha t in sandy  soils N i am ounts decrease, 
vvhereas in clay  soils it shovvs an  inerease (T ab le  4).

W hen  vve evaluate  the sam ple sites vvith one ano ther it can be seen  tha t the 
quan tities o f  a lm ost ali four e lem ents at the Saraçhane (S2), E uropean  side ex it o f  the 
B osphorus B ridge  (S9) and K asım paşa (S 10) are  h igher in com parison  to the rem ain ing  
sam ple sites.

Furtherm ore, tlıere is also a varia tion  in the concen tra tions o f  heavy  m etals in the 
soils in term s o f  season. E ven  i f  no t in ali the soils, a m ajo rity  d isp layed  an  inerease 
especia lly  in  Pb, Zn and N i quan tities during autum n.

F ro m  the results o f  analysis and com parisons arnong topso il sam ples collected  
from  rural, u rban  and m ostly  industrial sites in the v ic in ity  o f  the G u lf  o f  İzm it, T urkey , 
it vvas c learly  shovvn tha t u rban  and industria l soils vvere con tam inated  m ore than  rural 
soils (Y ılm az et al., 2003). A ccord ing  to the sam e authors, C d vvas n o t de tee ted  in any 
o f  the so il sam ples bu t Pb en richm ent in u rban  and industria l soils vvas though t as a 
resu lt o f  gaso line com bustion . C om parison  o f  ob tained  average m etal concen tra tion  
levels vvith the vvorld average ones indicated  eleva ted  values fo r Pb  and Zn (37 and 72 
m g k g '1, respectively). O ur C d concentrations vvere also  lovv b u t Pb and Z n levels vvere 
observed  quite h igh com pare to this investigation .

A s the effects o f  air po llu tion  vvere being  exam ined , heavy  m etal con ten ts in soils 
vvere m ostly  concen tra ted  upon. Hovvever, ce rta in  physica l and Chemical characteristics 
o f  the soils vvere also evalua ted . In particu lar, a lka line  pFI reactions, clay, organ ic  m atter 
and  lim e conten ts affec t soil's cation  exchange capac ity  and  cause buffered  heavy  m etal 
quan tities to inerease. In  bo th  spring and  au tum n, Z n shovved positive  correlations vvith 
Cd, Pb and  N i. In  sp ring  there vvas a positive  co rre la tion  betvveen P b  and N i. A no ther 
positive  re la tionsh ip  vvas determ ined  betvveen Pb and C d in autum n. A lso  in  spring,
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w hen o ther soil characteristics (sand-silt-c lay  p ropo rtions, EC, Corg, N  and  K ) vvere 
exam ined  vvith C d and  Pb concentrations, no  positive  or negative re la tionsh ips vvere 
determ ined . E xcep t that, a negative co rre la tion  betvveen pH  and C d and a positive 
co rre la tion  betvveen C a C 0 3 and Pb vvere found. A gain  in spring , there  is seen  to be a 
positive rela tionsh ip  betvveen Z n and E C , N , Corg conten t. In  th is season, N i 
concen tra tions shovved a negative co rrelation  vvith sand  and  a positive co rre la tion  vvith 
silt and  c lay  p ropo rtions (T able 4). M cG rath  (1999) stated  decreases o f  N i 
concen tra tions in sandy  soils, and som e increases in c lay  soils. W e have also  determ ined  
a positive  co rrelation  o f  N i vvith K. In  au tum n  there vvas a negative co rre la tion  only  
betvveen clay  p roportions and Z n concen trations. In this season, EC  and N  values 
shovved sign ifıcan t positive  co rrelations vvith N i, Z n and Cd. T here vvas a positive 
rela tionsh ip  betvveen Pb and Z n  vvith C a C 0 3. A cco rd ing  to the resu lts o f  the statistical 
analysis, there vvas also  a positive co rre la tion  betvveen C Qrg and  Zn. In  this study, neither 
spring  nor au tum n resu lts  shovved a re la tionsh ip  betvveen soil pH  levels and heavy  m etal 
con ten ts (excep t C d in  spring) (T able 4). B u ffering  and  adso rp tion  o f  the heavy  m etals 
in soil also increased  vvith the increase o f  pH  levels. T he ob ta ined  resu lt appears to be 
con tra ry  to this general inform ation. It m ust be due to the pH  values o f  the urban  soils 
över a narrovv range (from  6 .29  to 8 .29). M an ta et al. (2002) has also detec ted  sim ilar 
results . P leavy m etal concen trations in autum n vvere h ig h e r then  those o f  spring . A nnual 
d is tribu tion  o f  the rainfall m ay also  affec t the  rise in heavy  m etal concentrations. 
A ccord ing  to the vveatlıer conditions, au tum n and sp ring  seasons are  usually  ra iny  in 
İstanbul b u t a dry period  also exists in sum m er. F o r these reasons, heavy  m etals can  
easily  leach  dovvnvvards from  the topso il in vvet seasons and they  can  be  accum ulated  on 
topso il by  d ry  depositions in sum m er.

W hen  com paring  heavy  m etal con ten t in the so ils vvith e ither the contro l site or 
vvith tha t o f  o ther cities it can  be understood  that the values for İs tanbul are high. 
A tten tion  shou ld  especia lly  be  paid  as to the ra ther h igh  quan tities o f  P b  and  Zn in the 
som e sam p ling  sites. W lıen  considering  that the n um ber o f  veh icles in İstanbul is 
exceed ing  1 m illion  and a s ign ifıcan t am oun t o f  leaded  gaso line is consum ed  stili, it is 
quite understandab le  vvhy these results vvere ob ta ined  in  such h igh  am ounts in the 
sam pling  tim e.

In  the fu ture stud ies, seasonal changes o f  heavy  m etal con ten ts should  be 
observed  includ ing  m onth ly  varia tions th roughou t the  year. It vvill be  appropria te  to 
analyses yearly  approxim ate fuel consum ptions in  İs tanbu l as these sign ifıcan tly  affec t 
heavy  m eta l concentrations in soils. C om parison  vvith data from  o ther investigations 
regard ing  a ir po llu tion  vvith the long-range tran spo rt o f  m etals from  o th e r parts o f  the 
city  shou ld  be under considera tion  (S teinnes et al., 1997). R esults o f  u rban  soil research  
shou ld  be  transferred  to ıırban  p lann ing  and developm ent. P rognosis and sim ula tion  o f  
chaııg ing  soil p roperties re la ted  to urban  developm ent; a tm ospheric  deposition ; 
evalua tion  o f  soils in  the con tex t o f  u rban  p lan n in g  and land use requ irem en ts should  be 
also u nder considera tion  (N orra and Sti'ıben, 2003). V arious p recau tions m ay  be taken  in 
o rder to p rev en t the so ils in İs tanbul becom ing  po llu ted  b y  the heavy  m etals. F irstly , 
em issions should  be reduced , rnore restric tions shou ld  be p laced  on  the usage o f  leaded 
gaso line. T o le ran t and accum ulato r tree and slırub species shou ld  be used  in parks and 
gardens vvithin the c ity  to vvithstand heavy  m etal con tam ination . Such vegeta tion  vvhich 
can absorb  heavy  m etals from  the soil and accu ınu la te  them  in p lan t parts shou ld  be
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given preference  -e.g. A ikın thm , Popıtlus, Robinicı (B ayçu  et al., 2006). In  such a vvay 
vvhich is a lso  knovvn as phy to rem ed ia tion , heavy  m etal con ten ts in soil can  be reduced.
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Kısa Özet

Ç alışm ada İstanbul’un kentsel alanından 9 ve kent dışından 1 örnekleme 
noktasından (kontrol) Mayıs ve Eylül 1999 tarih lerinde 0-5 cm ve 20-25 cm 
derinlikten toplam  104 toprak  örneği alınmıştır. Bu örneklerde Cd, Pb, Zn, Ni 
içerikleri ile bazı to p rak  özellikleri incelenmiştir. T oprak özellikleri ve ağır metal 
içerikleri değerlendirildiğinde İstanbul kent toprak ların ın  bir kısmının Pb ve Zn 
ile kirlenm eye başladığı belirlenmiştir. Pb değerlerinin ilkbaharda  24,87-445,60 mg 
kg '1, sonbaharda 23,23-1121,20 mg kg '1 arasında değiştiği bulunm uştur. Ayrıca 
toprak ların  Zn ve Ni içeriklerinin ilkbaharda  30,27-310,00 mg kg '1 ve 12,27-36,20 
mg kg ', sonbaharda ise 57,36-528,11 mg kg '1 ve 15,43-45,05 mg k g 1 arasında 
değiştiği belirlenm iştir.

A nah tar Kelimeler: A ğır m etaller, İstanbul, kurşun, top rak  k irliliğ i, k en t to p rak lan

1. Giriş

T oprak la rın  ağ ır m etal içerik leri çevre k irliliğ in in  u laştığ ı boyu tların  
an laş ılm asında  en önem li göstergelerdendir. Ç ünkü  toprak  en  zo r ve en  son  k irlenen  
yaşam a ortam ıd ır. A ğ ır m etallerin  doğadaki k onsan trasyon la rın ın  artm asına neden  olan 
en  önem li kaynak la r fosil yak ıtla r ve trafik , m adenc ilik , ta rım  ve orm ancılık ta  ku llan ılan  
gübreler, pestisitler, odun korum a ilaçları vb, a rıtm a çam urları, evsel ve sanayi kaynaklı 
a tık lar, m etal işleyen  endüstrile r, şek linde sıralanab ilir.

B u  ça lışm ada öncelik le  İs tanbu l’un  çeşitli bö lge le rindek i p a rk la r ile yol 
kenarlarındak i top rak ların  top lam  C d, Pb, Z n ve N i içerik lerin in  araştırılm ası 
hedeflenm iştir. A raştırm ada ayrıca top rak ların  bazı fiziksel ve k im yasal özellik leri ile
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Y ayına kabul edild iği tarilı: 06 .01.2009
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y ukarıda  belirtilen  ağ ır m etallerin  içerik leri a rasındak i ilişk iler irdelenm iş ve ağ ır m etal 
içerik lerin in  m evsim e bağ lı o larak  değişip  değ işm ed iğ i de incelenm iştir. A raştırm a 
kurşun lu  yak ıt ku llan ım ın ın  yasak land ığ ı 2000  y ılından  önce yap ılm ış o lup, araştırm a 
sonuçların ın  ku rşun  içeren  yak ıtların  ku llan ım dan  sonrak i du rum u inceleyen  çalışm alara  
tem el o luşturacak tır.

2. Materyal ve Metod

İs tan b u l’da M ayıs ve E ylül 1999 sonunda l ’i kon tro l 10 ö m ek  alandan , 0-5 cm  
ve 20-25 cm  derin lik  kadem elerinden  104 (52 adedi M ayıs 1999, 52 aded i E ylül 1999 
tarih inde) toprak  ö rneğ i a lınm ıştır (Şekil 1 ve T ab lo  1). 10 ö m ek  alan ın  8 tanesinden  3 
farklı nok tadan  0-5 cm  ve 20-25 cm  derin lik  k ad em elerinden  top rak  örneğ i alınm ıştır. 
S8 num aralı a landa 2, S9 num aralı a landa 1 nok tadan  ö m ek  alınm ıştır. S2 ve S3 
num aralı ö m ek  alan lardan  20-25 cm  derin lik  kadem esinden  çok  taşlı o lm ası sebebiy le  
ancak  2 nok tadan  ö m ek  alınab ilm iştir.

H ava kurusu  halindek i top rak  ö rnek leri öğütü lüp , 2 m m  lik  e lek ten  geçirilm iştir. 
T oprak  ö rneklerinde teksttir (B ouypucous h id rom etre  m etodu  ile) pH  değerleri (toprak- 
su o ran ı 1:2,5 o lan  çözeltide), elek triksel ile tken lik  (E C ) (toprak-su  o ran ı 1:5 olan 
çözeltide), C a C 0 3 (S che ib le r ka ls im etresi ile) o rgan ik  karbon  m ik tarı (C org) (W alk ley- 
B lack  ıslak  yakm a yön tem i ile) top lam  azot (sem i-m ikro  K je ldah l m etodu  ile) 
belirlenm iştir. T oprak la rın  C d, Pb, Zn, N i ve K  içerik lerin in  be lirleneb ilm esi için, 
top rak la r fırın  kurusu  halde % 65 'lik  H N 0 3 ile özel tüp lerde  berrak  çözeltile r elde 
ed ilinceye  kadar yak ılm ıştır. Cd, Pb , Zn, N i ve K  ö lçüm leri A tom ik  A bsorpsiyon  
S pek tro fo tom etresinde  (S lıim adzu  A A -680) yap ılm ıştır.

3. Sonuçlar ve Tartışma

Ö rnek  a lan lardak i top rak larm  o rtalam a C d içerik leri 0 ,02 -0 ,72  m g k g '1 arasında 
değ işm ek ted ir (T ablo  3). K irlenm em iş top rak ların  k adm iyum  içerik leri çoğun luk la  0 ,01- 
1 m g k g '1 arasında kalm aktad ır. T üm  ö m ek  a lan larda  bu  değerin  aşılm adığ ı 
gö rü lm ekted ir.

İs tanbu l’un  değ iş ik  bö lgelerinde  top rak ta  o rta lam a Pb konsan trasyon ları 
ilkbaharda 24 ,87-445 ,60  m g k g '1 arasında değ işm ek ted ir. S onbaharda ise öm ek  
a lan ların  önem li b ir  bö lüm ünde toprak tak i k u rşun  m ik tarı artm ış o lup, ortalam a 23,23- 
1121,20 m g kg"1 arasında b u lunm uştu r (T ab lo  3). 100 m g k g '1 değerin in  üzerinde  Pb 
içeren  top rak la r “k irlenm iş” , 200 m g k g '1 üzerinde  ise “çok  k irlen m iş” o la rak  kabul 
ed ilm ek ted ir (Sm idt, 2000). B u  b ilg ilere  göre tra fiğ in  o ldukça yoğun  o lduğu  B oğaziçi 
K öprüsü  A vrupa Y akası Ç ık ışında (S9) k u rşun  içerik leri, “çok  k irlenm iş” sın ıfına 
g irm ek ted ir. A ynı şek ilde Saraçhane P ark ın d an  (S2) a lınan  top rak lardak i P b  içeriğ i de 
o ldukça yüksektir.

İncelenen  toprak ların  orta lam a Z n  k o n san trasyon la rın ın  ilkbaharda  30 ,27-310 ,00  
m g k g '1, sonbaharda 57 ,36-528,11 m g k g '1 arasında  kald ığ ı b e lirlenm iştir (T ablo  3). 
İncelenen  toprak larm  önem li b ir k ısm ı “n o rm alden  yukarı”  o la rak  tan ım lanan  51-150 
m g k g '1 arasında çinko  içerm ekted ir. İlkbahar m evsim inde  sadece  B oğaziç i K öprüsü
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A vrupa Y akası Ç ık ışında  (S9) üst toprak tak i ç inko m ik tarı çok  yüksekken  (300 m g k g '1 
ın üzerinde), sonbaharda bu  alanın  yan ında S2 num ara lı a landa da üst toprak ta  Z n 
konsan trasyon la rı çok  yüksek tir. H em  Pb, hem  de Z n  değerlerin in  yüksek  o lduğu  S2 ve 
S9 num aralı a lan lar trafiğ in  yoğun  o lduğu bö lgelerd ir.

T o p rak la rın  o rta lam a nikel konsan trasyon la rı ilkbaharda  12 ,27-36 ,20  m g kg*1, 
sonbaharda  15,43-45,05 m g kg*1 arasında değ işm ek ted ir (T ab lo  3). T oprak la rdak i N i 
değerleri kabul ed ileb ilir sın ır değer o lan  50 m g  k g '^ in  altındad ır.

İlkbaharda ve sonbaharda Zn ile C d, Pb ve N i arasında  p o z it if  b ir ilişki 
bu lunm uştu r. E k o larak  sonbaharda Pb ve C d m ik tarları a rasında da p o z it if  b ir  ilişki 
m evcuttu r. İlkbaharda Zn içerik leri ile top rak  öze llik le rinden  EC , N  ve C org içerik leri 
a rasında  p o z it if  ilişk iler m evcuttur. B u  m evsim de N i konsan trasyon ları ise kum  o ran lan  
ile negatif, toz ve kil o ran ları ile p o z it if  b ir ko re lasy o n  gösterm ek ted ir. A yrıca 
ça lışm am ızda n ikel ve p o tasyu m  değerleri arasında  da p o z it if  ilişki o lduğu  
belirlenm iştir. S onbaharda kil o ran lan  ile sadece  Z n  konsan trasyon ları a rasında  n eg a tif  
b ir  ko re lasyon  bu lunm aktad ır. B u  m evsim de E C  ve N  değerleri ile P b  haricinde 
incelenen  d iğer üç elem en t arasında p o z itif  yönde an lam lı ilişk ile r bu lunm aktad ır. Pb ve 
Z n  ile C a C 0 3 arasında  an lam lı p o z it if  b ir ilişki vard ır. İs ta tistik  analiz  sonuçlarına  göre 
sonbaharda  C org ile sadece Z n  arasında p o z it if  ilişk i m evcu ttu r (T ab lo  4).

İs tan b u l’un  bazı nok ta larındak i 0-5 cm  derin lik tek i top rak ların  özellik le 
sonbahardak i Pb içerik lerin in  d iğer baz ı ken tle rden  (M adrid , Sev ille , B angkok, H ong  
K ong, S tockholm , A ntalya) yüksek  o lduğu  belirlenm iştir. Y ine sonbaharda  0-5 cm  
derin lik tek i top rak ların  o rta lam a Zn içerik leri M adrid , Ç oruna ve N ap les  haric indek i 
ken tlerden , N i içerik leri ise A ntalya haric indek i ken tle rden  daha yüksek tir (T ablo  5).

Ç alışm a sonuçlarına göre incelenen  nok ta la rdan  baz ıla rında  top rak la r Pb  ve Zn 
ile  k irlenm eye başlam ıştır. B u nedenle  k en t iç indek i ve yo lla ra  yak ın  p a rk  ve bahçelerde 
ağ ır m etal k irliliğ ine  dayan ık lı ağaç ve çalı tü rleri ku llan ılm alıd ır. T op rak tan  yoğun 
şek ilde ağ ır m etal alıp  b irik tiren  b itk i tü rleri tercih  ed ilm elid ir. B öylece top rak tan  daha 
fazla ağ ır m etal a lınarak  bu  b itk ilerde  b ir ik tirileb ilecek  ve top rak tak i ağ ır m etal 
konsan trasyon ları fito rem ed ia tion  yo luy la  azaltılab ilecek tir.
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