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RELAT IONSHIPS BETWEEN BODY WEIGHT AND HEAVY METAL
BIOACCUMULAT ION IN MINING BASIN FIHES: EMET STREAM BAS IN

Abstract

As itis known that various fish species with different physiological structures accumulate the heavy
metals in different amounts of them in different tissues according to types of heavy metals and the
exposure times. Age and weight of the fishes are itapbifactors in the bioaccumulation of toxic
elements in the tissues. In this study, the required am@&atalius cii Capoeta tincaand Barbus
oligolepisspecies were collected seasonally from four stations selected on the Emet Stream Basin (three
of them were on the Emet Stream and one of them was on the Dursunbey Stream), where the most
important mining deposits of Turkey are located on. Relations of nickel, zinc, arsenic, boron, cadmium,
copper, manganese, lead, silver and chromium bioaccumulatids ileveuscle, gills, liver and kidney
tissues of captured fishes with the total weight of fishes were investigated. Pearson Correlation Index
was applied to detected data, regression coefficients of high correlated variables were calculated and
threei dimensional regression plots were drawn. As a result of the present study, statistically significant
relations at the p<0.05 and p<0.01 levels were recorded between the bioaccumulation levels of toxic
elements mainly nickel and chromium detected in tissu@svektigated 3 fish species with the total
weights of fishes.

Keywords: Toxic elements, BioaccumulatioBgualius cij Capoeta tincaBarbus oligolepis
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Tablo 2. Emet ¢ayé Havzaséndan s ohajaéralré kmewesriinmi enrdie
1. Kstasyon 2. Kstasyon 3. Kstasyon 4 . Kstasyon
Aj ér | Boy(cm) Aj] ér Boy(cm) Aj] ér Boy(cm) Aj ér | Boy(cm)
(an) Standart ¢ at a Total (arn) Standart ¢ at a Total (gn Standart ¢ a t i Total (gn Standart ¢ at a Total
S.ci(n=12) S.ci(n=9) S.cii(n =11) S.ci(n=9)
min 6,00 70,00 78,00 85,00 26,00 107,00 120,00 130,00 |9,00 86,00 14,00 102,00 |28,00 114,00 126,00 136,00
mak 73,00 155,00 176,00 190,00 |78,00 160,00 178,00 188,00 |77,00 159,00 178,00 191,00 |120,00 182,00 201,00 215,00
ort 23,92 104,25 117,67 127,42 |50,00 138,33 154,56 165,11 |28,64 113,00 114,55 136,36 |61,22 144,22 160,00 172,11
SD 19,85 25,55 28,54 30,66 16,75 16,19 17,64 18,26 19,15 20,21 39,84 24,17 28,20 22,16 24,08 25,45
C.tinca(n =11) C.tinca(n =12) C. tinca(n = 10) C.tinca(n =12)
min 15,00 89,00 99,00 110,00 |10,00 81,00 91,00 101,00 |13,00 87,00 100,00 109,00 |9,00 105,00 114,00 127,00
mak 103,00 170,00 187,00 207,00 |143,00 193,00 214,00 234,00 |130,00 186,00 203,00 225,00 |173,00 216,00 234,00 254,00
ort 45,18 133,73 146,82 162,00 |58,67 139,67 154,75 171,00 | 48,00 131,20 145,40 160,60 |57,92 142,17 156,17 172,17
SD 28,39 25,07 27,55 29,95 142,02 35,07 38,37 41,13 | 34,89 26,54 27,84 31,02 |52,25 35,73 38,93 41,53
n: °rnek sayéseé; mi n: mi ni mum; ma k : maksi mum; ort:
Tabl o Emet ¢ayé Havzaséndan ikhérmeksivmeirnderel d
1. Kstasyon 2. Kstasyon 3. Kstasyon 4 . Kstasyon
Aj] ér | Boy(cm) Aj ér | Boy(cm) Aj ér Boy(cm) Aj] ér | Boy(cm)
(an Standart ¢ at a Total (gn Standart ¢ at a Total |(gr) Standart ¢ at ¢ Total |(gr) Standart ¢ at a Total
S.ci(n=9) S.cii(n=9) S.cii(n=8) S.cii(n =10)
min 16,00 99,00 112,00 121,00 |14,00 93,00 105,00 113,00 14,00 93,00 103,00 114,00 | 34,00 123,00 137,00 149,00
mak 84,00 166,00 184,00 196,00 |115,00 183,00 201,00 215,00 | 76,00 161,00 179,00 193,00 | 131,00 193,00 210,00 225,00
ort 48,00 136,00 151,00 161,33 |58,78 143,11 159,22 170,78 |41,63 126,50 140,75 153,50 | 69,80 151,20 167,00 180,00
SD 19,68 19,61 21,18 22,02 31,18 28,30 30,36 32,31 |2347 2538 27,41 29,09 |28,63 19,44 20,48 21,41
C.tinca(n =9) C.tinca(n=9) C.tinca(n =9) C.tinca(n = 8)
min 14,00 97,00 110,00 118,00 |10,00 83,00 94,00 102,00|20,00 101,00 111,00 121,00 | 14,00 92,00 102,00 114,00
mak 114,00 185,00 202,00 223,00 |168,00 210,00 225,00 245,00|72,00 159,00 175,00 193,00 132,00 188,00 210,00 229,00
ort 51,56 135,89 150,33 165,44 |62,67 139,89 154,67 170,00 |37,89 127,56 141,33 155,56 | 52,00 136,25 150,13 166,88
SD 34,30 30,84 33,12 36,71 49,26 38,53 4097 44,74 |1595 1766 20,75 23,42 |39,08 30,63 34,93 36,74
B. oligolepis(n = 5) B. oligolepis(n = 5) B. oligolepis(n = 5) B. oligolepis(n = 6)
min 9,00 76,00 85,00 94,00 9,00 80,00 90,00 98,00 |8,00 77,00 87,00 95,00 |8,00 82,00 92,00 103,00
mak 42,00 140,00 154,00 169,00 |91,00 175,00 194,00 212,00 51,00 147,00 161,00 181,00 |45,00 130,00 143,00 159,00
ort 18,40 99,80 111,00 123,00 |36,40 117,60 130,40 142,40|20,20 103,40 113,20 129,20 | 22,17 103,50 115,00 128,17
SD 13,72 2415 2596 28,13 33,22 36,81 40,36 45,11 |1827 2935 31,71 34,80 |14,19 20,97 18,63 22,66
n: °rnek sayése,; mi n: mi ni mum; ma Kk : maksi mum; ort:
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Tabl o 4. Emet ¢ayé Havzaseéndan i lilaljae&hdrée kmevegii rhiemrd e
1. Kstasyon 2. Kstasyon 3. Kstasyon 4 . Kstasyon
Aj] ér Boy(cm) Aj ér Boy(cm) A7j ér Boy(cm) Aj] ér Boy(cm)
(ar) Standart ¢ at i Total |(gr) Standart ¢ a t ¢ Total (gn) Standart ¢ at i Total |(gr) Standart ¢ a t i Total
S.ci(n=9) S.cii(n=8) S.ci(n=7) S. cii(n = 10)
min 6,00 65,00 73,00 81,00 |[13,00 19,00 100,00 109,00 |8,00 77,00 8500 94,00 |{14,00 92,00 103,00 110,00
mak 73,00 156,00 171,00 186,00{116,00 152,00 195,00 212,00 |48,00 136,00 151,00 160,00|111,00 167,00 184,00 199,00
ort 22,33 100,44 112,33 122,67|43,88 108,50 142,00 153,38 (22,86 105,29 117,86 127,14|52,30 136,30 151,10 162,70
SD 22,10 29,10 31,60 33,46 (33,89 4235 32,07 34,08 1484 24,04 26,79 26,80 [2196 2124 2267 24,80
C.tinca(n=9) C.tinca(n = 10) C.tinca(n =9) C.tinca(n=9)
min 20,00 102,00 114,00 126,00 15,00 90,00 99,00 111,00 |9,00 83,00 92,00 102,00|20,00 114,00 128,00 142,00
mak 148,00 191,00 212,00 232,00( 250,00 230,00 250,00 279,00 |81,00 174,00 190,00 213,00|159,00 200,00 223,00 241,00
ort 50,56 132,11 146,67 161,78| 72,60 149,30 165,10 181,80 |50,67 137,11 150,89 166,67 |69,44 149,67 166,00 182,67
SD 4025 2833 3146 34,04 |27,42 27,10 30,20 32,11 26,31 31,39 34,06 37,72 |44,63 2897 32,02 33,60
n: °rnek sayeéeseée,; mi n: mi ni mum; ma k : maksi mum;
Tabl o 5. Emet ¢ayé Havzaséndan iyagze rmedks ivmeirndereal d
1.Kstasyon 2. Kstasyon 3. Kstasyon 4 . Kstasyon
Af e r_Boy(cm) AJ ér _Boy(cm) AjJ ér_Boy(cm) AJ ér Boy(cm)
(gn Standart ¢ at i Total |(gr) Standart ¢ at i Total |(gr) Standart ¢ a't  Total (an) Standart ¢ at ¢ Total
S.cii(n =13) S. cii(n =12) S.cii(n=11) S. cii(n = 15)
min 22,00 104,00 121,00 133,00(23,00 104,00 116,00 127,00{29,00 120,00 134,00 145,00 [31,00 118,00 133,00 144,00
mak 90,00 176,00 194,00 210,00 | 147,00 194,00 212,00 257,00|83,00 160,00 175,00 190,00 |247,00 237,00 259,00 271,00
ort 4546 133,23 149,54 161,23 |67,33 144,83 159,50 175,42(52,82 141,73 156,82 169,36 |91,53 162,87 180,40 193,27
SD 21,97 2326 23,79 25,33 [42,13 29,23 3149 38,15 |1585 1266 1357 1424 61,40 31,20 33,29 33,87
C.tinca(n = 14) C. tinca(n = 13) C.tinca(n = 12) C.tinca(n = 14)
min 9,00 75,00 84,00 94,00 [24,00 117,00 128,00 142,00/11,00 80,00 88,00 97,00 10,00 92,00 104,00 111,00
mak 141,00 198,00 222,00 239,00 | 147,00 194,00 213,00 233,00|198,00 233,00 257,00 281,00 |183,00 215,00 235,00 259,00
ort 58,29 141,64 157,00 172,29|69,46 150,46 166,46 182,23|82,75 155,33 171,50 189,00 |76,00 153,57 169,86 187,36
SD 34,85 33,07 36,59 39,04 (4128 2548 27,78 29,65 |58,46 43,60 47,30 51,44 4468 31,69 3420 38,45
B. oligolepis(n = 7) B. oligolepis(n = 6) B. oligolepis(h = 5) B. oligolepis(h = 7)
min 14,00 97,00 109,00 117,00|7,00 83,00 93,00 103,00 8,00 74,00 84,00 92,00 10,00 78,00 89,00 98,00
mak 63,00 170,00 185,00 201,00 47,00 139,00 152,00 169,00|22,00 114,00 125,00 133,00 |107,00 187,00 206,00 228,00
ort 26,86 119,86 132,29 145,29|21,50 109,67 116,33 128,83|13,60 93,20 103,40 112,60 |35,86 116,86 129,14 142,14
SD 16,85 2483 25,62 28,16 |14,77 19,89 22,72 2557 |5,55 1561 15,63 16,35 35,37 3855 41,27 46,10
n: Osranyeéks € ; mi n: mi ni mum; ma k : maksi mum; ort
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Tabl o 6. Al l ometri k b¢gy¢egme denklIl emi S
Teér a sh b sh
3,330738
Squalius N Pozitif N
Gii 0,004211 | NO , 04Allometrik NO, 03
B¢y ¢ me
3,072501
Capoeta N Pozitif
tinca 0,008122 | NO , 03Allometrik NO, 02
B¢y ¢ me
3,063344
Barbus. 10,007576 | K0, 08/ Kzomet ri|No, 07
go'ep Bey i me
n: ajér met al analizi yapélan °rnek
3 . 2tatistil{ Geriler 7 Korelasyon
Elde edilen bireylerin bopj ér | ék
i | i kK khiediimilrenmes i i -in ajAgrakélelranaé gagnrycue el de
tot al boylaré (cm) °1| -edlegmeenk LVaEngIelrer(I19I6|6e ibra |
W= a x TLb allometri kvebdyemd daernksémida istati
hesapl anméxteér ilikkiler olup ol madéjéne
(p<0,05 ya da p<0,01), verilere Pearson
¢izilen regresyon Karelasya Agnsatldlz i eujyrgiul anmeéek
formegl | e iciveC.tintat g r | eri ni nkkil erin daha ge¢veni |
bl gede pozitid @94dtoewedioik) aat};iylg,rmesi amaceyl a,
B. oligolepist ¢ rl erinin ise ikemasypbkl d@pgagmedelirlenen
gesterdiiji tespit edilanJKenlreriBu alefgr?qreak hatvama
bal ékl arénén bg¢y¢ me tlkPJ | abp &bcine § tﬁrecal @ nyBaml6,;
dejerlendirebiISnte?l>@eraOglamsllarI€1ne =8) . Bal ék dokt
tinca > B. oligolepis k ek !l i nde o€l ddiulj eun element seviyeleri
s°yl enebilir ajerl éeklaré araseéndaki il
t¢e¢m anl amlé korelasyon ka
ver il mi ktir
Tablo 6. Tespitedilen | i k ki |l er ve korelasyon katsa:
Elementler
Dokular =—=7"—As B €d Cu Mn Pb Ag Cr
S. cii(n=16)
kas ,853" - 738" - 824" 572 - ,859" 837" ,918"
sol ui.gs3 - 674" - ,891° 781" - 503 823" 925’
kar a«900" ,604 ,598 - 884" 625" - ,782° ,908" ,920"
b°br ¢899 539 595 - ,893" 510 - 715" 900" ,914"
C.tinca(n =16)
kas 716" -562 - ,578 517 - 519 - ,597
sol ui,817 - ,688" 541 627" - ,673" 597 - ,640"
kar a«777 - - 61T ,709 - ,617 ,686" 777"
bobr 753 - - ,594 698" - 523 616 ,693" 767"
B. oligolepis(n = 8)
kas 759 - - - ,785 - - - -
sol u1,753 - - - - - - - 714
kar a«,792 - - - - 722 - - 778 849"
bobr 810 - - - - - ,808 756 ,846"
: korel asyon , 05 sevi kesien des yoonnerﬁl D1l(pevied5)n;
- i statistiki ol arak anlamleée ili«kki teptedile
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El de edil en S wietrdr egmem.gP.reKst aiRegrésyoki Veril er
ajéerl éklaré ile kas dokul3arlendK&kit eepiikkedil liemegtr
arseni k, kadmi yum, kur kun, g¢ mé K Ve krom
arasénda, solunga- okul arr¢éknsdeak tlkesrpdlitaseyddard eq sl &€
arseni k, kadmi yum, bakiékri, bepymdd uvee krkm deji Kl
arasénda, karacifjer dongrIaafrlelﬂldearitesp’iztiIemiiKIeneniek
kad mi y um, bakeéer, kur kuni,lI Klimger ive f kmrmgnl | er i her
arasénda, b°br ek dokulabreénda|ﬂensp(lttlSrecullth,ammrz,lng@erh
kadmi yum, kur kun, @&¢m¢kdoka llar @mdar |lakes, watldiyus,di | en
tincat ¢ r ¢n¢gn aj érl ékl ar & iklug Kluans vdo kgu,lne;rké nbdi ay otaeksepm étl
edilen nikel arasénda, tsootlalnga-] eddlekll amr@ndarasg&pi
edilen nikel, arsekj kadmiyum, mangan ve krom grafi k|l e Citincateskri¢ln ¢3n0 tdeo,k ul ar

kar aci r e tebpht bedilerk nikeh kkmoma veé kadimiyurh e s pi t
e i m, bigyaog ke mel kgsypwyon asevengeapr.i
é ckdnadk&kii l eegkasyon hatteée gr
a i lveenr inlinkiedt iarr.asénda, karaci]
d stéeendmi t edi |l en Kk

0, 01 seviyesinde °neml.

mi Ktir

Seri 1 (kas)

1 Seri 2 (solungag)
y=0,0362x-0,5913 |y = b
R?=0,7272

Seri 1 (kas) Seri 2 (solungag)
=0,0043x- 0,0853 |y = 0,0078x- 0,1411
R?=0,6789 R?=0,7938

o7
06 -

[(ERE| Seri 4 (bdbrek)

04 - y=0,0115x- 0,2071
R?=0,7983

03 4

02 |
01 |

Total agirlik verileri (gr)

0 +
0 10 20 30 40 50 60 70 80 90 100
Total agirhik verileri (gr)

Kadmiyum hlyoakumulasyon veril

Seri 4 (bGbrek)

* Serit W Seri2 Seri 3 Seri 4 + Seril W Seri2 Seri3 Seri 4
—— Dogrusal (Seri 1) = Dogrusal {Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4) — Dogrusal {Seri 1) =——Dogrusal (Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4)
45 - Seri 1 (kas) Seri 7 - Seri 1 (kas)
y=0,0141x-0,2634 |y =0, y=0,022x-0,34770 |y
l  R-0sw [ r-07376

Krom biyoakiimiilasyon verileri (mg/kg)
r~

) 10 20 30 40 50 60 70 80 90
Total agirhik verileri (gr)

* Serit W Seri2 Seri 3 Seri 4

—— Dogrusal (Seri 1) = Dogrusal {Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4)

Seri 4 (bobrek)
y=0,0122x+0,0623
R? =0,8099

Giimiis biyoakiimiilasyon verileri (mg/kg)

Kursun biyoakiimiilasyon verileri (mg/kg)

100

Total agirlik verileri (gr)

+ Seril W Seri2 Seri3 Seri 4

— Dogrusal {Seri 1) =——Dogrusal (Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4)

0 10 20 30 40 50 60 70 80 90 100
Total agirlik verileri (gr)
# Seril W Seri2 Seri 3 Seri 4
—— Dogrusal (Seri 1) =—— Dofirusal (Seri 2) Dogrusal {Seri 3) —— Dogrusal (Seri 4)
kekiSlciit3¢,r ¢ dokul aréndaki bazé metal seviyeler.i

65
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6 - Seri 1 (kas) Seri 2 (solungag)
y=0,0338x-0,7280 y =0,0397x-0,0715
5 R?=0,513 R?=0,6678

ER|  Seri 4 (bGbrek)
'y =0,0705x-1,0718
R?=0,5667

2
Seri 4 (bdbrek)
bR v = 0,0402x-0,6727
R?=0,5888

14

[

,_.

05

=)

0

Nikel biyoakiimiilasyon verileri (mg/kg)
Krom biyoakiimiilasyon verileri (mg/kg)

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Total agirik verileri (gr) Total agirhik verileri (gr)
* Serit W Seri2 Seri 3 Seri 4 * Seril W Seri2 Seri3 Seri 4
—— Dogrusal (Seri 1) = Dogrusal {Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4) — Dogrusal {Seri 1) =——Dogrusal (Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4)

3.

SOV DXXIXXPQODQDXRTODODQOA~TOT

N Seri 1 (kas) Seri 2 (solungag)
| v = 0.0042x-0,07580 y =0,0058x+0,0664
R2=0,2668 R?=0,3928

R3]  Seri 4 (bdbrek)
il v = 0,0093x+ 0,0804

Total agirlik verileri (gr)
—— Dogrusal (Seri 1) = Dogrusal {Seri 2) Dogrusal (Seri 3) = Dogrusal (Seri 4)

kekiCltincat. ¢ r ¢ dokul ar éndaki bazé met al seviyeleri
3.2. - dejikkenli r &gciCersnyecknllearri nde belirl enen

karacijer ve b°brek dokul
Bal ék dokul aréenda t eksgdmi yaidni, | en keallrmelnt vV e
i yoak¢megl asyonl ar e i Ibe vy om&kle ank, | aarasdysoanl dede,léa rhée r k
rasénda kaydedilen barzéeégryekyerk katehwgeégénlOu 906d
l' i kkil er t emel al enanhkirralki két-e kawwteltd i vei gea&nmr i
eji kkenl i regresyon IBadit r ¢grikadri &diejrar dviez aby’nbr
di Il mi ktir Di y a glraalnme kdeel jeinkeknetn | beirriinkdienml, e r i il e a’
crlerinin ajerl ék vertielsepriit beadji d nesné ze ndedyWwej kkskeekn , i
aracijer ve b°brek dockagreegrw éndlae merstpligr iediil einn
| ement bi yoak¢meél asy dr4089).é i se baj éeml e
ejikkenler olSacitkr katel edil erek
e K e lCetimcatndr,¢nde i se (,K €| enoac°nrtn eiklleer i nde bel irl
jéerl ek verileri araseéewvedni l-oki yickseekaragirjgesyome
atsayél aréna sahip nkievet kKr om ivliei kkkaidimeiry um b i
aydediSlcitti krtginmen aj eér | eakr avseendaer ik uiviveet | i l' i near
aracijer ve b°brek decldull arG.&incat réiaksgérnadcai jtee s pviet b °
dil en i 1 i kKkG. tineat ¢k ghicldokat ar éndaki el ement bir
jerl ék verilerdi il e kaeacl pei we abEbdekteéaclhul ar
rasénda tespit edi | en0,i9l8i krkeiglreers yioshe Kkekalée H£®di
eri |l mi ktir. kaydedllletlr
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Ni (karaciger)

2
R Linear = 0,996
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R Linear = 0,934
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agirhk
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R Linear = 0,948

Ag (karaciger)
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agirhk
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kekiCltincat. ¢ r ¢ ndékaij @&cil pér

TARTI kMA VE SONU¢

K aim vERei IT.€(Rv-280BRiry. ot e k

ve b°brek dokul ar é el

Bal ekl arda yenebilen dok
oligolepist ¢ r Il eri ni n kas kaslardau bidkené metalds i kolayca insana
m ake¢egmegl asyonl ar & harei- e kg-edbearl.é kBu ¢yéndende ex
dokul aréndaki ni( FAIO, WHO, KE®MA gi bi) vV e
mg,lassy@.nltimtaérzéri,eri'nkherinden sor uqu Kur ul t
unga - vV e b°br ek d orkeutl aalr leenrdiark i bnaaznégl aanr € n é n
me¢ | asy &n tiiatr @mléer, i ni Moultygmmasé gereken I i mi
ul ar 8.rolibaepist ¢vd er i ni nb &laisr lvemi k1 er di r Yapeéel an
acijer dokularenldlatkerategrlmaamélgg’rle, kas d
me¢l asyonlSarcengnm | ewd ménall eri bajlamada aktif
acijer Ve b°obr ek tilnkektedr (28 r88]. Bl medenle ekodisiem
m¢l asyonl arénén ajéklekihvieyil &eil it ]l emant amkeé
Pt f il i kRitinga (sdkeirp nekd bjak;ena kull anéel maseé
dokul aréndaki -inkeddl gmegsli mey mreldeerné eod rakba sl dé r .
ri ék verileri il e adbamls@&@noegatnisfanil lair K ktiayrea fsee
uju tespit edil miktolkma®§g,r écbhaalickil alb@né m$ @c wle
bajémséez dejikken XKiuddiamiéd iam a&kn ysaspté Ibaans agnaj €
utl u regresySaivegGr afii kleersiumdeakg®rvee sedi mentt ek
srlerinin karaciIerbaéék"bokklldolelmldar@ ndear ek
pit edilen Cr ve Ni zinceir yoludar ibuli deemj érhg&anaer Kk
sénda kuvvetli | inedrackiélniakbkillmersit,esbhas eddd K urs
9). a-ésénda en °nemli doku he



