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Heavy metal pollution is a matter of global concern, because of its
toxicity to living organisms. This study aimed to determine the
content of cadmium, lead, and mercury in muscle (meat), liver, and
kidney of 28 wild boar, which were collected by hunters in
Matopolskie province, Poland from September to October 2019. The
Cd, Pb content was analyzed by flame atomic absorption
spectrometry, while the cold vapor atomic absorption spectrometer for
Hg content, all samples were analyzed at the Institute of Biology,
Pedagogical University of Krakow, Poland. The results showed that
the levels of Cd, Pb, and Hg in the kidney and liver were significantly
higher than in muscle, the metals accumulated in the tissues of wild
boar followed the increase of Hg < Pb < Cd. Many samples had levels
of Cd, Pb, and Hg above the safe thresholds established by The
European Commission. There are risks to the consumer if large
quantities of wild boar meat are consumed (especially kidney and
liver) in Matopolskie province. The study provides an important
reference in conducting risk assessment for wildlife consumption.
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O nhiém moi truong
Ba Lan

Kim loai ning

Lon ring
Matopolskie

O nhiém kim loai ning la van dé duoc quan tdm toan cau, bai tinh
doc hai cua chang ddi véi sinh vat séng. Muc dich caa nghién ciu
nay la xac dinh ham lugng cadimi, chi va thuy ngéan & trong co (thit),
gan va than cua 28 cé thé lon rimg dugc thu thap boi the san tai tinh
Matopolskie, Ba Lan tir thang 9 - 10 ndm 2019. Ham lwong Cd, Pb
duogc phan tich bang phuong phap quang phd hap thu nguyén tir ngon
lra, trong khi ham lwong Hg duoc phan tich bang phuong phap
quang phé hap thu nguyén tir hoa hoi, tat ca cac mau dugc phan tich
tai Vién Sinh hoc, Truong Pai hoc Su pham Kracow, Ba Lan. Két
qua cho thdy, ham luong Cd, Pb va Hg & trong than, gan cao hon
dang ké so véi trong co, cac kim loai tich lity trong cic mé cua lon
rimg theo xu huéng Hg < Pb < Cd. Nhiéu miu c6 ham luong Cd, Pb
va Hg cao hon ngudng an toan duoc thiét 1ap boi Uy ban Chau Au.
Ngudi tiéu thu s& bi anh huéng dén stc khoe néu tiéu thy mot lwong
I6n thit lon rimg (dac biét la than va gan) tai tinh Matopolskie.
Nghién ctu cung cap mot dan ligu quan trong trong viéc danh gi rui
ro ddi vai viéc tidu thu dong vat hoang da noi chung.
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1. Giéi thiéu

Sy ton tai cuia cac kim loai ning trong co thé con ngudi va dong vat ludn thu hit sy quan tam
cua c&c nha khoa hoc, vi chiing dugc xem la mot trong nhitng nguyén nhén chinh gy anh huong
xau dén sirc khoe cua co thé sinh vat [1]. Mot s6 kim loai nang da duoc chieng minh cén thiét cho
su séng (nhur sit, dong, magié, kém...). Tuy nhién, nhiéu kim loai nang khac khdng nhiting khong
c6 chue nang sinh hoc ma con gay hai cho co thé sinh vat cho di & ham luong nho nhu cadimi,
chi va thuy ngan [2]. Do do, viéc theo doi nong d6 kim loai nang trong co thé song 1a rat can thiét
va la céch t6t nhat dé danh gia muc do phoi nhiém cua moi truong song. Viéc lua chon dbi tuong
dé giam sat ham lugng kim loai nang dwa vao nhiéu yéu t, nhu sy phong phu ciia d6i twong d6
trong khu vuc nghién ctiu, kha nang dao thai chat 6 nhidém, pham vi xuét hién hay vai trd caa né
trong chudi thire an [3]. Lon rirng (Sus scrofa) 1a mot trong nhimg loai dong vat hoang dé c6 s6
luong 16n va dong vai trd quan trong trong viéc cung cap thit cho nguoi dan dia phuong Ba Lan
[4]-[6], @ong thoi chling gitr mot vi tri cao trong chudi thie an, do d6 ¢6 xu hudng tich liiy nhiéu
loai chat doc hai trong co thé, vi vay ddy 1a dbi tuong rat phi hop cho nghién ciu céc chat &
nhiém trong mai truong ciing nhu giam sat sinh hoc [7]. Trude day, lon rung da dugc su dung
trong qua trinh giam sat sinh hoc kim loai ¢ mot sb noi tai Ba Lan [8]-[10], nhung s6 lieu con
khan hiém & tinh Matopolskie, Ba Lan. Muc tiéu chinh ctia nghién ciru nay la cung cap dir liéu vé
nong do cadimi (Cd), chi (Pb) va thuy ngan (Hg) trong co, gan va than cua lon ring ¢ tinh
Matopolskie, Ba Lan, nhu mot dan chirng quan trong trong viéc thyc hién danh gia rui ro ddi voi
viéc tiéu thu dong vat hoang da néi chung va lon rieng noi riéng.

2. Vit li¢u va phwong phap nghién ctru
2.1. Thu mdu

Sb lwong 28 cé thé lon rimg (14 con cai, 14 con duc) da duoc sin bit bai cac tho san (dugc
cap gidy phép sin bin va quan ly bai Hiép hoi san ban Ba Lan (PHA)) vao thang 10 va thang 11
niam 2019 trong khu vue Nowy Sacz ciia tinh Matopolskie, Ba Lan. Cac nhom tudi bao gom tir 1,
2 va 3 da duoc thu thap (dwa vao viéc moc cac ring ham dé xac dinh tudi cuaa lon riing, cu thé
ring ham M1 s& moc lic 4-6 thang, sau 12 thang rang ham M2, sau 24 thang thi dinh dau caa
ring ham M3 s& moc, sau 42 thang dinh thir hai ctia ring ham M3 s& xuat hién). Cac mau gan, co
va than da duoc Iy, cho vao tdi nilon c6 khoa kéo, bao quan & nhiét do khoang -18°C cho dén
khi phén tich. Mau dugc phan tich tai phong thi nghiém cua Vién Sinh hoc, truong Dai hoc Su
pham Krakow, Ba Lan.

2.2. Phén tich kim logi

Pé xac dinh nong do cua Cd va Pb cac mau sau khi duoc rd déng, can mdi mau xap xi 29
trong luong w6t (can c6 do chinh xac dén 0,0001g, loai can Metler AE240), rdi dem say kho &
nhiét do 60°C cho dén khi dat trong lwong kho khong ddi (voi may siy SUP-100W, WAMED).
Tiép dén cac mau da siy kho dugc khoang hda ndng véi axit nitric (65%, Baker Analyzed, JT
Baker, USA) trong hé thong khoang héa Velp Scientifica DK20. Céc dung dich khoang hoa dugc
pha loang t6i 10 ml voi nudc siéu tinh khiét (18,2 MQ cm & 25°C, Direct-Q 3, Merck-Millipore,
Germany) va dwoc phan tich biang may quang pho hip thu nguyén tir ngon Ita (loai may
AAnalyst 200, PerkinElmer, USA). Cac két qua ban dau thu duoc hién thi véi don vi pg/g trong
luong kho (d.w) dugc tinh toan va chuyén sang trong luong udt (w.w) dya trén phan tram do am.

Nong d6 Hg dugc do bang may quang phé hap thu nguyén tir hoi lanh (loai may MA-2, NIC,
Japan) trong khoang 100 mg mau tuoi sau khi ra dong, két qua cudi ciing dugc trinh bay bang
Hg/g w.w.

Tt ca cac phan tich déu duoc 13p lai hai 1an, gia tri trung binh cua hai lan duoc xem 1 két qua
cudi cung. Néu d6 léch chuan tuong ddi (RSD) giita cac lan lap lai cao hon 15% thi phan tich
dugc kiém tra lai. Ctr 10 mau, cac giai phap kiém soat chat lugng va tang dot bién véi nong do
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kim loai duoc kiém tra lai mot 1an véi mau chuan. Tat ca cac d6 thu hdi (Recovery) dao dong tir
90 dén 110% cho moi kim loai.

2.3. Phan tich thong ké

Céc sb lieu duogc thu thap trén phan mém Excel, sau d6 xu ly phan tich théng ké duoc thuc
hién voi phan mém Statistica 13.3 (StatSoft, Ba Lan). Thur nghiém “Shapiro-Wilk test” dugc
dung dé kiém tra sy phan bé caa ham luong cac kim loai nang trong cac mau. Do cac mau co su
phan bb khong chuan nén “Multiple Comparisons p values” ctia “Kruskal-Wallis test” dugc thyuc
hién dé xac dinh khac biét dang ké su tich liiy Cd, Hg va Pb trong ciing mot nhém tudi va giia
cac nhom tudi khac nhau. Két qua thong ké co y nghia khi gia tri p nhé hon 0,05.

3. Két qua va ban luan

Két qua thir nghiém “Shapiro-Wilk test” cho thay ham lugng Hg, Cd, Pb & co, gan va than cua
lon rung tai tinh Matopolskie 1a phan bé khong chuan, do d6 gia tri trung vi, tir phan vi ciing nhu
dd trai gitra dwoc st dung trong bai bo. Mac du trong mau thu ban dau c6 chia theo nhém giéi
tinh, tuy nhién bang phép kiém tra “Multiple Comparisons p values” trong phan tich “Kruskal-
Wallis ANOVA” cho thay anh huéng cua gidi tinh khong c6 ¥ nghia thong ké (muc thip nhat
dugc ghi nhan & kim loai Hg, p = 0,079) ddi véi sy tich lity cua ca ba kim loai nghién ctu nén dix
liéu duoc tong hop khong tinh dén gidi tinh. Trong tat ca cac mau, ca ba kim loai dwoc nghién
ctru déu & muc trén giGi han phat hién (gioi han phat hién Cd va Pb: 10 ng/L; Hg: 0,075 ng/g).

Gié tri trung binh, trung vi, gia tri nho nhat, gia tri I6n nhat, ta phan vi thi nhat, tir phan vi thir
ba va d6 trai gitra ciia ham lwong Hg, Cd va Pb ¢ ba nhém tudi (1, 2, va 3) duoc tom tit ¢ Bang
1,2va3.

Gid tri Hg 16n nhat dugc tim thay trong than & nhom 2 tudi, nho nhéat duoc phat hién & trong
co cta nhom 1 tudi, tuy nhién két qua phan tich thong ké cho thay khong cé su khéc biét dang ké
vé ham lugng Hg ¢ ba nhém tudi nghién ctru. Su khéc biét c6 ¥ nghia thong ké chi dugc phét
hién & trong tirng nhom tudi (Bang 1). Cu thé, tai nhém 1 va 3 tudi, ham lwong Hg ¢ trong gan va
than 16n hon nhiéu lan so véi trong co (ket qua phan tich ANOVA & nhém 1 va 3 lan luot 12
p=0,038; p=0,012 va p=0,008; p=0,012). G nhom 2 tudi, ham luong Hg & trong co nhé hon dang
ké so véi trong than (p=0,003). Trudc d6, Durkalec va cong su (2015) ciing dd cho thay sy tich
lity Hg theo thir ty: co < gan < than & trong lon ring tai c4c tinh Slaskie, Warminsko-Mazurskie
va Dolnoslaskie, Ba Lan [8]; tuy nhién, ham luong Hg duoc phét hién thip hon trong bao céo
nay. Tai phia Tay Slovakia, Gasparik va cong su (2017) cho thay ham luong Hg khé thap ¢ trong
co, gan va than, trong d6 su tich liily Hg cao nhat van phat hién & trong than, thap nhit & trong co
[11]. Mot phat hién ham lugng Hg ¢ trong co cao hon trong bao cdo nay da dugc Malova va
cong su (2019) cong bd trude do6 tai Vuon qudc gia Tatra, Slovakia (0,106 pg/g) [12].

Bang 1. Trung binh, trung vi, gia tri nhé nhdt, gia tri lén nhat, Q1, Q3 va IQR ciia ham hrong Hg trong
co, gan va thdn lon rung (1Ug/g w.w)

Nhém tudi Co quan Mean Median Min Max Q1 Q3 IOR
Co 0,029 0,018 0,011 0,062 0015 0050 0,035

1 Gan 0,2302 0,199 0,080 0,568 0,092 07245 0,153
Théan 0,4882 0,459 0,034 1,040 0061 0875 0,814

Co 0,037P 0,038 0,019 0,073 0,029 0051 0,022

2 Gan 0,498P¢ 0,591 0,040 0,745 0211 0670 0,459
Than 0,890° 0,825 0,410 0,960 0593 1130 0,537

Co 0,078 0,062 0,023 0,067 0,048 0,088 0,040

3 Gan 0,451¢ 0,435 0054 0485 0,329 0564 0,235
Than 0,466¢ 0,446 0076 0610 0,303 0590 0,287

Ghi chu: Mean: Trung binh; Median: Trung vi; Min: Gia tri nhé nhat; Max: Gi4 trj I6n nhat; Q1: T« phan
vi thir nhat; Q3; Tk phan vi thi ba, IQR: D¢ trai giira. o
(*9cac ky tw giong nhau thé hién khdng c6 sy khac biét veé thong ké, p=0,05)
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Ham luong Cd cao nhat dwoc phat hién ¢ trong than caa nhém 2 tudi va thip nhat & trong co
ctia nhom 1 tudi. O ca ba nhém tudi déu cho thiy sy khac biét co y nghia thong ké cua ham luong
Cd & trong than va gan so véi trong co (p<0,05) (Bang 2). Tuy nhién, giira cac nhom tudi ham
lugng Cd khong khac biét qua rd rang. Trude do, trong cong b6 cua Durkalec va cong su (2015)
tai Slaskie (Ba Lan) cho thay, ham lugng Cd ¢ trong gan va thén cao hon nhiéu lan so voi bao
céo nay, trong khi xap xi ¢ trong co, diéu nay ciing duoc ly giai ving Slaskie 1a trung tim khai
thac quang moé cua Ba Lan, do d6 mét lugng 16n khoi bui chura Cd phat thai ra moi trueong) [8].
Gasparik va cong su (2012) cho thiy két qua twong tw, khi cdng bd sé liéu nghién cau tai
Slovakia [13]. Mic du, trong nghién ciu nay khong cho thay sy khac biét rd rang vé ham lugng
Cd ¢ trong nhom tudi, tuy nhién nhiéu tai liéu trude d6 cho thay ham luong Cd tich liy cang 16n
& cac nhom tudi cang cao [14].

Bang 2. Trung binh, trung vi, gid tr; nhé nhat, gia tri 1on nhdt, Q1, Q3 va IQR ciia ham hrong Cd trong co,
gan va thdn lon ring (ug/g w.w)

Nhém tudi Co quan Mean Median Min Max Q1 Q3 IQR
Co 0,041 0,038 0,019 0,073 0,030 0,045 0,015

1 Gan 0,311 0,220 0,040 0,745 0,076 0,563 0,487
Théin 0,5372 0,543 0,110 0,960 0,282 0,783 0,501

Co 0,049 0,052 0,025 0,064 0,039 0,060 0,021

2 Gan 0,585° 0,492 0,216 1,250 0,230 0,828 0,598
Thén 1,225" 1,245 0,743 1,570 1,160 1,387 0,227

Co 0,097 0,116 0,042 0,134 0,046 0,131 0,085

3 Gan 0,547¢ 0,470 0,221 1,005 0,232 0,887 0,655
Thén 0,496° 0,357 0,269 0,961 0,321 0,710 0,389

Ghi cht: Mean: Trung binh; Median: Trung vi; Min: Gié trj nho nhat; Max: Gid tri lén nhat; Q1: Ti phan
vi thiz nhat; Q3: T phan vi thir ba; IQR: D¢ trdi giira
(*céc ky tw giong nhau thé hi¢n khoéng c6 su khac biét vé thong ké, p=0,05)

Ham luong Pb cao nhét duoc tim thay trong than & nhém 2 tudi va thip nhit ¢ trong co cua
nhém 1 tudi. O ca ba nhém 1 tudi, ham luong Pb & ca trong gan va than déu cao hon déng ké so Vi
trong co (p<0,05) (Bang 3). Trudc d6, Srebodan va cong su (2011) da cong bd ham lugng Pb trong
co (0,002-0,015 pg/g), gan (0,025-0,041 pg/g) va than (0,020-0,032 pg/g) thip hon nghién ctru nay
nhiéu lan [15], trong khi Amici va cong su (2012) lai cho két qua tuong ti Vi béo cao nay [16].

Trong nghién ctru cua Bilandzié va cong su (2010) da két luan ham luong Pb ¢ trong co cao
hon & trong than (tréi vai két qua trong nghién ctru nay), diéu nay da duoc Ii giai c6 thé do co bi
nhiém Pb tir dan chi [17]. Tuy nhién trén thuc té, nhiéu nghién ctru da chi ra rang, viéc 6 nhiém Pb
tir dan chi khdng han 12 nguyén nhan chinh, ma mét phan 16n do phoi nhidm qua chudi thirc an.
Bang 3. Trung binh, trung vi, gid tr; nhé nhat, gia tri lén nhdt, Q1, Q3 va IQR ciia ham heong Pb trong co,

gan va thdn lon ring (ug/g w.w)

Nhém tudi Co quan Mean Median Min Max Q1 Q3 IQR
Co 0,042 0,042 0,023 0,067 0,032 0048 0,016

1 Gan 0,235 0,168 0,054 0485 0,076 0456 0,380
Thén 0,319 0,271 0076 0610 0,090 0593 0,503

Co 0,041 0,033 0,031 0065 0,032 0054 0,022

2 Gan 0,387° 0,295 0127 0828 0258 0516 0,258
Thén 0,857° 0,676 0323 1570 0513 17387 0,874

Co 0,087 0,082 0012 0176 0021 0150 0,129

3 Gan 0,474¢ 0,398 0232 0904 0321 0594 0,273
Than 0,486°¢ 0,451 0315 0,710 0428 0561 0,133

Ghi chu: Mean: Trung binh; Median: Trung vi; Min: Gié tri nhé nhat; Max: Gi4 trj I6n nhat; Q1: T« phan
vi thiz nhat; Q3: Tar phan vi thir ba, IOR: D¢ trdi giira
(®°céc ky tw giong nhau thé hién khdng c6 su khac biét vé thong ké, p>0,05)
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Merian (1980) ciing da chirng minh ham Iwvong Cd, Pb va Hg ¢ trong than va gan cao hon
dang ké so véi trong co 1a do vai trd ctia gan, than trong qua trinh trao d6i chat, ching tham gia
truc tiép vao qua trinh luu trit ciing nhu dao thai cac kim loai niang, do d6 hon 75% ham luong
kim loai nang dugc Ky gtri cling nhu Iuu lai & gan va than [18].

Do s6 lwong lon rimg ngay cang ting & Ba Lan nén thit ciia chung dugc tiéu thu kha rong rai
boi nguoi dan dia phuong. Thém vao do, thit lon rimg dwgc danh gia c6 ham lugng céc chit dinh
dudng phong phu, giup ngudi tidu thu bo sung cac loai vitamin ma rau ci va trai cay khong co
hoic ¢ rét it (vitamin B1, B2, B6, B12, A va D...) [19]. Tuy nhién, nhu két qua nghién cau ¢
trén, co, gan va than cua lon rimg cé nguy co nhidm cac chat 6 nhiém tir moi truong khé cao, do
d6 chiing ciing 1a mot méi de doa dén stc khoe nguoi tiéu thu. Trong khi do, hién nay ¢ Ba Lan
chua c6 tai liéu chinh thic vé viéc dua ra ngudng nao ddi voi dong vat hoang da noi chung va
thit lon rimg néi riéng ma chi yéu tap trung vao nhom dong vat nudi trong trang trai (trir ca), van
dé nay ciing da duoc Taggart va cong su (2011) dé cap dén trong nghién ciru caa minh [20]. Khi
so sanh ham luong kim loai ning thu duoc trong bao céo nay vai gidi han tdi da danh riéng cho
thit lon nha dugc qui dinh béi Uy ban Chau Au [21]. Cu thé: ngudng gidi han ham lugng Cd
trong cac mo co (thit), gan va than nhu sau: 0,05; 0,5 va 1,0 pg/g w.w. Ham luong Cd ti thiéu
dugc tim thdy trong mé co cua lon rirng thip hon so voi ngudng (0,042 pg/g w.w & nhom 3 tudi),
nhung khi kiém tra Q3 di cho thay gid tri cao hon ngudng gidi han (Q3 cao nhit & trong co nhom
3 tudi 1a 0,131pg/g ww). Didu ndy c6 nghia, hon 75% mau co nghién ctru vuot qua nong do Cd
cho phép. Twong tu nhu vy, ham lugng Cd vuot ngudng cho phép khéa phd bién trong cac mau
gan va than. Ngudng giGi han téi da ddi voi ham luong Pb trong thit 13 0,1 pg/g w.w. va ndi tang
an duoc 12 0,5 pg/g w.w. Xem xét vai gia tri Q3 ¢ Bang 1, 2 va 3 thiy rang, s6 luong mau vuot
ngudng gisi han kha Io6n (chi trir truong hop co va gan ¢ nhom 1 tudi). Giéi han téi da ddi voi
ham luong Hg trong co 1a 0,5 ug/g w.w, ddi chiéu véi cac gia tri Q3 ¢ Bang 1 cho thay phan I6n
nam trén ngudng cho phép (chi tinh riéng ddi véi co). Tir nhing phan tich d6 cho thay, viéc tiéu
thu thit lon rimg thong qua sin ban & tinh Matopolskie s& gap nhitng rai ro nhat dinh déi vai kim
loai nang.

4. Két luan

Qua phan tich ham luong kim loai niang trong cac md cua lon ring cho thay ring, ¢ ca 3 nhém
tudi, than va gan c6 sy tich Iy cac kim loai nang cao hon nhiéu lan so véi trong co. Khong tim
thay su khac biéc dang ké vé ham luong kim loai nang giira gioi tinh va cac nhom tudi phan tich.
Mic du chua c6 gi6i han cu thé vé ham luong kim loai nang trong cac mé cua lon rimg, nhung
khi so sanh véi ngudng cho phép trong lon nha, két qua cho thdy cé nhiéu rii ro cho ngudi tiéu
thu. Viéc dat ra cac ngudng ham lugng kim loai nang trong dong vat hoang da ciing nhu viéc
giam sat thuong xuyén cac chat & nhiém la can thiét.
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