
 
 
 
 

Biomonitoring research on persistent organic pollutants 
in the environment of the  

Waste Incinerator REC, Harlingen, The Netherlands 
 
 
 
 

 
A.Arkenbout, K.J.A.M. Bouman 

 
     March - 2024 

 
 
 
 
 

 
 

ToxicoWatch Biomonitoring research 2023-2025

The Netherlands
Harlingen

2023-2024

Dioxins PFAS PAH





7KDQN \RX WR =HUR :DVWH (XURSH IRU HQDEOLQJ WKLV UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV
�323V�� :H H[WHQG RXU JUDWLWXGH WR DOO WKH SDUWLFLSDQWV IURP WKH VXUURXQGLQJ YLOODJHV RI
+DUOLQJHQ IRU WKHLU FRQILGHQFH LQ WKLV UHVHDUFK� DOORZLQJ XV WR DQDO\VH WKHLU EDFN\DUG FKLFNHQ
HJJV� YHJHWDWLRQ� IUXLW DQG VKHHS ZRRO�

$87+256

$� $5.(1%287 � +HDG RI UHVHDUFK DW 7R[LFR:DWFK )RXQGDWLRQ
.� -� $� 0� %280$1 � 5HVHDUFK 7R[LFR:DWFK )RXQGDWLRQ

+$5/,1*(1� 7+( 1(7+(5/$1'6� 72;,&2:$7&+ )281'$7,21� 0$5&+ ����
38%/,&$7,21 180%(5� �����1/��
&/,(17� =HUR :DVWH (XURSH

',6&/$,0(5
7KH 7R[LFR:DWFK )RXQGDWLRQ FRQGXFWHG WKLV ELRPRQLWRULQJ UHVHDUFK RQ EHKDOI RI =HUR :DVWH
(XURSH� 7R[LFR:DWFK DFFHSWV QR OLDELOLW\ RU UHVSRQVLELOLW\ ZKDWVRHYHU WR DQ\ WKLUG SDUW\ IRU
DQ\ ORVV RU GDPDJH DULVLQJ IURP DQ\ LQWHUSUHWDWLRQ RU XVH RI WKH LQIRUPDWLRQ FRQWDLQHG LQ WKLV
UHSRUW RU UHOLDQFH RQ DQ\ YLHZV H[SUHVVHG KHUHLQ�

&RS\ULJKW � ���� 72;,&2:$7&+ )281'$7,21
7KLV SXEOLFDWLRQ FRQWDLQV FRQWHQW FUHDWHG DQG SURGXFHG IRU SXEOLF GLVVHPLQDWLRQ� 3HUPLVVLRQ
WR FRS\ RU GLVWULEXWH DQ\ SRUWLRQ RI WKLV PDWHULDO LV JUDQWHG XQGHU WKH FRQGLWLRQ WKDW LW LV QRW
XVHG IRU FRPPHUFLDO SXUSRVHV DQG WKDW SURSHU FUHGLW LV JLYHQ E\ UHIHUHQFLQJ WKH WLWOH DQG
FUHGLWLQJ WKH 7R[LFR:DWFK )RXQGDWLRQ� 7R[LFR:DWFK KROGV DFFUHGLWDWLRQ DV D 3XEOLF %HQHILW
2UJDQLVDWLRQ �3%2��

$OO SKRWRJUDSKV� JUDSKV DQG WDEOHV IHDWXUHG LQ WKLV SXEOLFDWLRQ DUH HLWKHU GHVLJQHG E\
7R[LFR:DWFK RU XVHG ZLWK SHUPLVVLRQ IRU SXEOLFDWLRQ�

ZZZ�WR[LFRZDWFK�RUJ

=HUR :DVWH (XURSH JUDWHIXOO\ DFNQRZOHGJHV ILQDQFLDO DVVLVWDQFH IURP WKH (XURSHDQ 8QLRQ
DQG 7KH 6LJULG 5DXVLQJ 7UXVW� 7KH VROH UHVSRQVLELOLW\ IRU WKH FRQWHQW RI WKLV HYHQW PDWHULDOV
OLHV ZLWK =HUR :DVWH (XURSH� ,W GRHV QRW QHFHVVDULO\ UHIOHFW WKH RSLQLRQ RI WKH IXQGHUV
PHQWLRQHG DERYH� 7KH IXQGHUV FDQQRW EH KHOG UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI
WKH LQIRUPDWLRQ FRQWDLQHG WKHUHLQ�

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW RI WKH5(&:DVWH ,QFLQHUDWRU� +DUOLQJHQ� WKH 1HWKHUODQGV
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,QWURGXFWLRQ
,Q ���� 7R[LFR:DWFK �7:� LQLWLDWHG ELRPRQLWRULQJ VWXGLHV RQ GLR[LQV LQ HJJV RI EDFN\DUG
FKLFNHQV RZQHG E\ SULYDWH FKLFNHQ FRRS RZQHUV LQ WKH YLFLQLW\ RI WKH UHFHQWO\ EXLOW WKH 5(&
:DVWH�WR�(QHUJ\ �:W(� LQFLQHUDWRU LQ +DUOLQJHQ LQ WKH 1HWKHUODQGV ������� (TXLSSHG ZLWK D
GU\ IOXH JDV FOHDQLQJ V\VWHP� WKH LQFLQHUDWRU ZDV GHVLJQHG WR HPLW QR YLVLEOH SOXPHV H[FHSW
LQ FDVHV RI VRPH RSHUDWLRQDO GLVUXSWLRQV� +RZHYHU� 7: DQDO\VHV LQ ���� UHYHDOHG KLJK
GLR[LQ OHYHOV LQ FKLFNHQ HJJV VDPSOHG ZLWKLQ D � NP UDGLXV RI WKH ZDVWH LQFLQHUDWRU�
8SRQ YDOLGDWLRQ RI WKH UHVXOWV E\ WKH 1DWLRQDO +HDOWK 6HUYLFH RI WKH 1HWKHUODQGV �1/��
5LMNVLQVWLWXXW YRRU 9RONVJH]RQGKHLG HQ 0LOLHX �5,90�� D MRLQW FRPPLWWHH FRPSULVLQJ WKH
'XWFK +HDOWK 6HUYLFH� PDQDJHPHQW RI WKH ZDVWH LQFLQHUDWRU� DQG ORFDO JRYHUQPHQWDO
VWDNHKROGHUV ZDV HVWDEOLVKHG� 7R[LFR:DWFK �$� $UNHQERXW� DQ LQGHSHQGHQW WR[LFRORJLVW
VSHFLDOLVLQJ LQ SHUVLVWHQW RUJDQLF SROOXWDQWV �323V�� MRLQHG WKLV FRPPLWWHH LQ LWV IXOO WZR \HDUV
����������� RI H[LVWHQFH�

7KLV FRPPLWWHH DSSURYHG WKH LQVWDOODWLRQ RI $0(6$ IRU
VHPL�FRQWLQXRXV PHDVXUHPHQW RI IOXH JDVHV LQVLGH WKH
FKLPQH\ RI WKH ZDVWH LQFLQHUDWRU IRU D SHULRG RI ��� \HDUV
����� � $SULO ������ $ OLVW RI FRQFHUQV DQG LVVXHV ZHUH
LGHQWLILHG� LQFOXGLQJ SUHYHQWLQJ HPLVVLRQV RI XQFOHDQHG
IOXH JDVHV E\ FORVLQJ E\SDVV SLSHV VWUXFWXUDOO\ DQG
LPSOHPHQWLQJ DGGLWLRQDO DODUP V\VWHPV IRU HPHUJHQFLHV�
+RZHYHU� DIWHU WZR \HDUV ����� XQWLO WKH EHJLQQLQJ RI
������ ZKHQ D PDMRU YLRODWLRQ LQYROYLQJ D GLR[LQ
HUXSWLRQ RFFXUUHG RQFH DJDLQ� WKH PDQDJHPHQW RI WKH
LQFLQHUDWRU FHDVHG FRRSHUDWLRQ ZLWKRXW SURYLGLQJ DQ
HQG�HYDOXDWLRQ UHSRUW RQ WKH UHVXOWV RI WKH
VHPL�FRQWLQXRXV PHDVXUHPHQWV� 6WUXFWXUDO SUREOHPV
OHDGLQJ WR IUHTXHQW VWDUW�XSV� WHPSHUDWXUH LVVXHV�
H[FHVVLYH +&/ HPLVVLRQV� DQG ZHW VHZDJH VOXGJH
UHPDLQHG XQVROYHG� 5HFHQWO\� SHUPLWV KDYH EHHQ LVVXHG
WR EXUQ PRUH ZDVWH ZLWK VLJQLILFDQWO\ KLJKHU K\GURFKORULF
DFLG �+&O� HPLVVLRQV� 6XUSULVLQJO\� WKH µVWDWH�RI�WKH�DUW¶
5(& :W( LQFLQHUDWRU ZDV HYHQ QRPLQDWHG DV WKH
JUHHQHVW LQGXVWU\ LQ WKH 1HWKHUODQGV� 6LQFH ����� QR
VHPL�FRQWLQXRXV PHDVXUHPHQWV KDYH EHHQ FRQGXFWHG�
PDNLQJ D JDS RI � \HDUV� 5HVLGHQWV LQ +DUOLQJHQ DQG

WKH VXUURXQGLQJ UHJLRQ� DOO ORFDWHG QHDU WKH 81(6&2 :DGGHQ 6HD� UHO\ RQ ORFDO
HQIRUFHPHQW IRU DVVXUDQFH�

7KLV UHSRUW SUHVHQWV WKH LQLWLDO UHVXOWV RQ GLR[LQV� 3)$6 DQG 3$+ LQ ELRPDWULFHV VXFK
DV HJJV RI EDFN\DUG FKLFNHQV� YHJHWDEOHV� DQG IUXLWV� ,Q ��������� UHVHDUFK RQ WKHVH
6XEVWDQFHV RI 9HU\ +LJK &RQFHUQ �69+&� ZLOO EH H[WHQGHG E\ 7R[LFR:DWFK WR WKH
HQYLURQPHQW DURXQG WKH 5(& :W( LQFLQHUDWRU LQ +DUOLQJHQ� WKH 1HWKHUODQGV�

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW RI WKH5(&:DVWH ,QFLQHUDWRU� +DUOLQJHQ� WKH 1HWKHUODQGV



6DPSOLQJ ELRPRQLWRULQJPHWKRG

7KH ELRPRQLWRULQJ UHVHDUFK LQFRUSRUDWHV ELRPDUNHUV VXFK DV HJJV RI EDFN\DUG FKLFNHQV�
HJJVKHOOV� DQG D VHOHFWLRQ RI YHJHWDEOHV OLNH NDOH DQG FDXOLIORZHU� DV ZHOO DV IUXLW � QDPHO\
DSSOHV� $GGLWLRQDOO\� PDWULFHV RI ZDWHU� VRLO� URRI GXVW� DQG VKHHS ZRRO ZLOO EH LQFOXGHG LQ WKLV
UHVHDUFK ������������

5HJDUGLQJ YHJHWDWLRQ� WKH IRFXV LV RQ FROOHFWLQJ HYHUJUHHQ OHDYHV IURP WUHHV DQG VKUXEV� DV
ZHOO DV PRVVHV �%U\RSK\WD�� IURP ERWK SULYDWH JDUGHQV DQG SXEOLF QDWXUH GRPDLQV� 7KH
UHVHDUFK DUHD IRU ���������� ZLOO HQFRPSDVV WKH HQYLURQPHQW RI VL[ ��� VXUURXQGLQJ YLOODJHV
ZLWKLQ D � NP UDGLXV FHQWUHG RQ WKH 5(& ZDVWH LQFLQHUDWRU � 6DPSOHV ZLOO EH WDNHQ DW
ORFDWLRQV LQ +DUOLQJHQ� :LMQDOGXP� 0LGOXP� 6H[ELHUXP� +HUEDLMXP DQG .LPVZHUG� 5HIHUHQFH
ORFDWLRQV ZLOO EH VDPSOHG LQ WKH QRUWKHUQ SURYLQFH RI )ULHVODQG� VSHFLILFDOO\ LQ WKH YLOODJHV
7]XPPDUXP� ���� NP DZD\� 1RUWK�� =XULFK �� NP DZD\� 6RXWK�� :LQVXP ��� NP (DVW� DQG LQ
WKH SURYLQFH RI 6RXWK +ROODQG �:DUPRQG� 6RXWK�:HVW� ��� NP DZD\��

,Q WKLV ILUVW DQDO\VLV UHSRUW RI ELRPRQLWRULQJ ��������� +DUOLQJHQ� WKH 1HWKHUODQGV� VDPSOHV
DOUHDG\ DQDO\VHG DUH WDNHQ IURP�

(JJV
,Q 2FWREHU ����� 7: VDPSOHG HJJV RI EDFN\DUG FKLFNHQV DW WKUHH ��� SULYDWH ORFDWLRQV�
7]XPPDUXP� ORFDWHG ��� NP IURP WKH LQFLQHUDWRU� LV D UHIHUHQFH ORFDWLRQ LQ WKH DUHD�
$GGLWLRQDOO\� LQ WKH µJUHHQ KHDUW¶ RI WKH 6RXWK +ROODQG SURYLQFH� VSHFLILFDOO\ LQ WKH YLOODJH RI
:DUPRQG DW D KLVWRULF HVWDWH ZLWK WZR SULYDWH JDUGHQV� HJJV ZHUH VDPSOHG IURP WZR
ORFDWLRQV WR VHUYH DV D VHFRQG UHIHUHQFH SRLQW GXH WR KLVWRULFDO VRLO FRQGLWLRQV� 7KH UHVXOWV
IURP WKHVH ORFDWLRQV DUH VWLOO SHQGLQJ DQG DUH QRW LQFOXGHG LQ WKLV UHSRUW� )RU HJJ VDPSOHV
:LMQDOGXP� 7]XPPDUXP� DQG :DUPRQG� 7: FROOHFWHG ���� IUHVK HJJV IURP HDFK ORFDWLRQ
�1RYHPEHU ���� � )HEUXDU\ ������ FRPELQHG WKH FRQWHQWV �HJJ \RON DQG ZKLWH� DQG VWRUHG
WKHP LQ DQ +'3( ODE FRQWDLQHU LQ D IUHH]HU XQWLO ODE WKH\ ZHUH DQDO\VHG� 7KH 7: WHDP
FRQGXFWHG D TXHVWLRQQDLUH DQG D ORFDWLRQ LQVSHFWLRQ DW HDFK EDFN\DUG FKLFNHQ HJJ ORFDWLRQ
WR LGHQWLI\ DQ\ FRQIRXQGLQJ IDFWRUV�

)UXLW DQG YHJHWDEOHV
)UHVK YHJHWDEOHV �NDOH DQG FDXOLIORZHU� DQG IUXLW �DSSOHV� ZHUH KDUYHVWHG LQ DXWXPQ
�2FWREHU�1RYHPEHU� ����� ZHLJKLQJ EHWZHHQ ���±��� JUDPV�VDPSOH� DQG SODFHG LQ VSHFLDO
+'3(�ODE EDJV DQG VWRUHG LQ D FRRO� GU\ HQYLURQPHQW XQWLO ODE DQDO\VLV�

9HJHWDWLRQ
0RVVHV IURP UHIHUHQFH ORFDWLRQ :DUPRQG ���� NP DZD\ LQ WKH 3URYLQFH RI 6RXWK +ROODQG�
ZHUH FROOHFWHG LQ )HEUXDU\ ����� $ERXW ��� JUDPV RI IUHVK PRVV �%U\RSK\WD� ZDV VWRUHG
GLUHFWO\ LQ +'3( EDJV� DQG SODFHG LQ D FRRO� GDUN� DQG GU\ HQYLURQPHQW� 9HJHWDWLRQ VDPSOHV�
���±��� JUDPV RI IUHVK SLQH QHHGOHV DQG HYHUJUHHQ OHDYHV ZLOO EH FROOHFWHG LQ
-XQH�6HSWHPEHU ����� DV ZHOO DV ��������JUDP IUHVK PRVVHV �%U\RSK\WD� IURP WKH URRIV RI
VKHGV �0D\�-XQH ����� DW WKH VDPH ORFDWLRQV DV WKH HJJ VDPSOLQJ� $GGLWLRQDOO\� PRVVHV
�%U\RSK\WD� JURZLQJ LQ D UXUDO RSHQ ILHOG QHDU WKH 81(6&2 :DGGHQ 6HH G\NH� ZLOO EH

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW RI WKH5(&:DVWH ,QFLQHUDWRU� +DUOLQJHQ� WKH 1HWKHUODQGV



FROOHFWHG LQ 0D\�-XQH ����� $OO YHJHWDWLRQ VDPSOHV ZLOO EH SODFHG LQ +'3( ODE EDJV� DQG
VWRUHG LQ D FRRO� GDUN� DQG GU\ HQYLURQPHQW XQWLO ODE DQDO\VLV�

6KHHS ZRRO
6KHHS ZRRO� ZHLJKLQJ ��� JUDPV� ZDV FROOHFWHG IURP )ULHV 0HONVFKDDS VKHHS ORFDWHG OHVV
WKDQ ��� NP IURP WKH ZDVWH LQFLQHUDWRU �QRUWKHDVW�� 7KH ZRRO ZDV REWDLQHG E\ D SURIHVVLRQDO
VKHHS VKHDUHU LQ -XO\ ���� DQG VWRUHG LQ XQWUHDWHG MXWH EDJV LQ D GU\� FRRO HQYLURQPHQW�
6DPSOHV IURP WKHVH EDJV ZHUH WDNHQ LQ 0DUFK ���� DQG VWRUHG LQ +'3( EDJV IRU ODERUDWRU\
DQDO\VLV� $ VKHHS ZRRO VDPSOH RI UHIHUHQFH ORFDWLRQ LQ 7]XPPDUXP ZDV FROOHFWHG DQG
VWRUHG LQ )HEUXDU\ ����� 5HVXOWV DUH SHQGLQJ DQG QRW LQFOXGHG LQ WKLV UHSRUW�

$QDO\VLVPHWKRGV

7KH FROOHFWHG VDPSOHV XQGHUJR DQDO\VHV IRU SHUVLVWHQW RUJDQLF SROOXWDQWV �323V� XVLQJ ERWK
ELRDVVD\V �&$/8;� DQG FKHPLFDO DQDO\VLV PHWKRGV� 7KH WDUJHWHG VXEVWDQFHV DUH
3&''�)�GO�3&% �GLR[LQV�� SHU� DQG SRO\�IOXRURDON\O 6XEVWDQFHV �3)$6�� 3RO\F\FOLF $URPDWLF
+\GURFDUERQV �3$+�� DQG ���� KHDY\ PHWDOV� $UVHQLF� &DGPLXP� &REDOW� &KURPLXP� /HDG�
1LFNHO� $OXPLQLXP� %DULXP� &RSSHU� 0DQJDQHVH� 0HUFXU\� 6LOYHU� 7LQ� DQG =LQF�

,Q WKLV UHVHDUFK� ELRDVVD\ DQDO\VLV PHWKRGV DUH '5 &$/8;� IRU GLR[LQV�IXUDQV �3&''�)�
DQG GLR[LQ�OLNH 3&%V �G/�3&%V�� 3$+ &$/8; IRU 3$+ VXEVWDQFHV� DQG ),7&�7� IRU WKH
3)$6� :KHQ UHVXOWV RI '5 &$/8; H[FHHG WKH (8 /LPLWV IRU HJJV ���� SJ %(4�J IDW IRU
3&''�) DQG ���� SJ %(4�J IDW IRU WKH VXP RI GLR[LQV �3&''�)�GO�3&%�� WKH DQDO\VLV ZLOO EH
H[WHQGHG E\ FKHPLFDO DQDO\VHV IRU GLR[LQV RQ ZKLFK (8 OLPLWV DUH ��� SJ 7(4�J IDW IRU
3&''�) DQG ��� SJ 7(4�J IDW IRU WKH VXP RI GLR[LQV �3&''�)�GO�3&%�� 7KH ODE DQDO\VHV DUH
FRQGXFWHG E\ %LR'HWHFWLRQ 6\VWHPV� $PVWHUGDP� WKH 1HWKHUODQGV �1/�� ZKLFK LV DFFUHGLWHG
XQGHU 5Y$ /����

&KHPLFDO DQDO\VLV IRU 3$+� 3)$6 DQG KHDY\ PHWDOV LV SHUIRUPHG E\ 1RUPHF� *URHQ $JUR
&RQWURO� 'HOIW� WKH 1HWKHUODQGV �1/�� DQ DFFUHGLWHG ODERUDWRU\� 3)$6 FKHPLFDO DQDO\VHV
HPSOR\ /&�06�06 IRU �� 3)$6� ZKLOH KHDY\ PHWDOV DUH DQDO\VHG XVLQJ ,&3�06�

5HVXOWV

(JJV DQDO\VLV UHVXOWV� GLR[LQV
7KH UHVXOWV RI GLR[LQ DQDO\VHV ZLWK WKH '5 &$/8; ELRDVVD\ DW ORFDWLRQ :LMQDOGXP�
VLWXDWHG � NP IURP WKH 5(& LQFLQHUDWRU LV ��� SJ %(4�J IDW� 7KLV OHYHO H[FHHGV WKH
SHUPLVVLEOH (8 OLPLW IRU GLR[LQV �3&''�)�GO�3&%� DQDO\VLV UHVXOWV ZLWK WKH '5 &$/8; RI
��� SJ %(4�J IDW� E\ D IDFWRU RI QHDUO\ ����� ,Q ���� PHDVXUHPHQW E\ 7: DW WKLV ORFDWLRQ
UHFRUGHG D YDOXH RI ��� SJ %(4�J IDW� 7KH FKHPLFDO DQDO\VLV UHTXLUHG IRU FRPPHUFLDO HJJV
DIWHU VXUSDVVLQJ WKH '5 &$/8; OLPLW UHYHDOV D YDOXH RI ��� SJ 7(4�J IDW IRU WKH VXP ��
FRQJHQHUV RI FKORULQDWHG GLR[LQV �3&''�)�GO�3&%�� H[FOXGLQJ WKH FRQWULEXWLRQ RI EURPLQDWHG

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW RI WKH5(&:DVWH ,QFLQHUDWRU� +DUOLQJHQ� WKH 1HWKHUODQGV



GLR[LQV� ZKLFK DUH QRW �\HW� LQFOXGHG LQ WKH PDQGDWRU\ DQDO\VLV SURJUDP IRU IRRG DQG IHHG LQ
WKH (8� 7KH UHVXOW IRU WKH GO�3&% LV ��� SJ 7(4� H[FHHGLQJ WKH (8 DFWLRQ OLPLW IRU
GO�3&% RI ��� SJ 7(4�J IDW�

(JJV DQDO\VLV UHVXOWV� 3)$6
,Q :LMQDOGXP� ORFDWHG MXVW � NP IURP WKH ZDVWH LQFLQHUDWRU WKH UHFRUGHG 3)26 OHYHO LQ
����� RI ���� QJ�J IDW� H[FHHGV WKH (8 OLPLW IRU 3)26 RI � QJ�J E\ D IDFWRU RI ��� 7KLV
UHVXOW VXUSDVVHV HYHQ WKH KLJKHVW 3)26 FRQFHQWUDWLRQ IRXQG LQ HJJV DPRQJ ��
ORFDWLRQV LQ WKH 1HWKHUODQGV �=DIHLULNL� PD[LPXP ���� QJ�J� ������� )XUWKHU LQYHVWLJDWLRQ LV
QHFHVVDU\ WR LGHQWLI\ SRVVLEOH RWKHU FRQIRXQGLQJ IDFWRUV�

7KH FRQFHQWUDWLRQ RI 3)$6 PHDVXUHG LQ WKH HJJ \RON DW ORFDWLRQ :LMQDOGXP LV FRPSDUDEOH WR
WKH KLJK YDOXHV UHFRUGHG LQ WKH YLFLQLW\ RI WKH IOXRURFKHPLFDO SODQW $QWZHUS� DV ZHOO DV WKH
UHVXOWV REWDLQHG IURP WKH HQYLURQPHQW VXUURXQGLQJ D IOXRURFKHPLFDO SODQW LQ :XKDQ �:DQJ
HW DO� ������� ,Q :LMQDOGXP� �� GLIIHUHQW 3)$6 FRQJHQHUV ZHUH GHWHFWHG� LQFOXGLQJ 3)26�
3)2$� 3)1$� 3)+[6� 3)'$� 3)8Q'$� 3)'R$� 3)7U'$� 3)7H'$� 3)+S6� ���)76�
$W WKH UHIHUHQFH VLWHV LQ WKH 1HWKHUODQGV� VSHFLILFDOO\ LQ 7]XPPDUXP� D YLOODJH ORFDWHG ���
NP IURP WKH LQFLQHUDWRU� 3)26 OHYHOV ZHUH PHDVXUHG DW D UHODWLYHO\ ORZ DPRXQW RI ���� QJ�J�
&RQYHUVHO\� DW WKH UHIHUHQFH ORFDWLRQ LQ :DUPRQG �SURYLQFH 6+�� VLWXDWHG LQ WKH JUHHQ KHDUW
RI WKH 1HWKHUODQGV DQG GHYRLG RI ZDVWH LQFLQHUDWRUV LQ LWV YLFLQLW\� QR 3)$6 ZDV GHWHFWHG LQ
HJJV�

)LJXUH � �&KHPLFDO DQDO\VLV ż ��3)$6 HJƎV �0%�

� :DQJ� <�� HW DO�� ����� 'LVWULEXWLRQ RI SHUIOXRURRFWDQH VXOIRQDWH DQG RWKHU SHUIOXRURFKHPLFDOV LQ WKH DPELHQW HQYLURQPHQW
DURXQG D PDQXIDFWXULQJ IDFLOLW\ LQ &KLQD� (QYLURQ� 6FL� 7HFKQRO� ��� ����±�����

� =DIHLUDNL� (� HW DO� ������� 3HUIOXRURDON\ODWHG VXEVWDQFHV �3)$6V� LQ KRPH DQG FRPPHUFLDOO\ SURGXFHG FKLFNHQ HJJV IURP 7KH
1HWKHUODQGV DQG *UHHFH� &KHPRVSKHUH ���� ����±�����

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW RI WKH5(&:DVWH ,QFLQHUDWRU� +DUOLQJHQ� WKH 1HWKHUODQGV



)OXRURFKHPLFDOV VXFK DV 3)$6 DUH QRWRULRXVO\ UHVLVWDQW WR GHVWUXFWLRQ� HYHQ DW
WHPSHUDWXUHV UDQJLQJ IURP ��� WR �����&� ZKLFK DUH W\SLFDO LQ WKH 3RVW &RPEXVWLRQ =RQH
�3=&� RI VSHFLDOL]HG KD]DUGRXV ZDVWH LQFLQHUDWRUV� QRW IRU PXQLFLSDO ZDVWH LQFLQHUDWRUV� OLNH
PRVW DUH� DV ZHOO DV WKH 5(& LQ +DUOLQJHQ� ZLWK D SHUIRUPDQFH RI D PD[LPXP RI ���
GHJUHHV�&� $FFXUDWHO\ PHDVXULQJ WHPSHUDWXUHV LQ WKH 3&= UHPDLQV D GLIILFXOW WDVN� ZLWK WKH
HYDOXDWLRQ VWDWXV VWLOO TXHVWLRQHG E\ WKH WHFKQLFDO FRPPLWWHH DV RI ���� IRU WKH 5(&
LQFLQHUDWRU LQ +DUOLQJHQ�� $ UHYLHZ FRQGXFWHG E\ WKH 1DWLRQDO ,QVWLWXWH IRU 3XEOLF +HDOWK DQG
WKH (QYLURQPHQW LQ ���� UHYHDOHG WKDW WHPSHUDWXUHV DSSOLHG LQ WKH 5(& LQFLQHUDWRU DUH VWLOO
XQNQRZQ�� ,Q RWKHU ELRPRQLWRULQJ UHVHDUFK FRQGXFWHG DURXQG ZDVWH LQFLQHUDWRUV� WKH
WUHQG RI LQFUHDVLQJ 3)$6 FRQFHQWUDWLRQV WRZDUGV WKH LQVWDOODWLRQV LV FRQFHUQLQJ DQG
ZDUUDQWV IXUWKHU UHVHDUFK��

)UXLW
1R 3)$6 ZHUH GHWHFWHG DERYH WKH OLPLW RI GHWHFWLRQ �! /2'� LQ IUXLWV DQG YHJHWDEOHV DW
ORFDWLRQ :LMQDOGXP� +RZHYHU� WKLV GRHV QRW LPSO\ WKH DEVHQFH RI RWKHU 3)$6 FRPSRXQGV� DV
FXUUHQW DQDO\WLFDO WRROV DUH QRW VHQVLWLYH HQRXJK WR GHWHFW WKH PDMRULW\ RI 3)$6� 1R GLR[LQV
FRXOG EH GHWHFWHG DERYH WKH OLPLW RI GHWHFWLRQ �!/2'� LQ IUXLW DQG FDXOLIORZHU� 2QO\�
GLR[LQ�OLNH 3&% �GO�3&%� ZLWK D FRQFHQWUDWLRQ RI ��� SJ 7&'' HT��J �'5 &$/8;�� ZHW
ZHLJKW �ZZ� ZDV IRXQG LQ IUHVK ZKLWH FDEEDJH DW ORFDWLRQ :LMQDOGXP� 7KH 3$+ FRQFHQWUDWLRQ
RI D SRROHG VDPSOH RI DSSOHV DW WKLV ORFDWLRQ ZDV ���� QJ %HQ]R�D�S\UHQH HTXLYDOHQW�JUDP�
,Q FDXOLIORZHU ���� QJ %HQ]R�D�S\UHQH HTXLYDOHQW�JUDP SURGXFW ZDV IRXQG�

+HDY\ PHWDOV
+HDY\ PHWDO DQDO\VHV LQ HJJVKHOOV UHYHDO D KLJK OHYHO RI DOXPLQLXP DW ORFDWLRQ
:LMQDOGXP� $W WKH UHIHUHQFH ORFDWLRQ LQ :DUPRQG �SURYLQFH 6+�� OHDG �3%� DQG QLFNHO �1L�
OHYHOV ZHUH IRXQG WR EH KLJKHU WKDQ WKRVH DW WKH ORFDWLRQ LQ :LMQDOGXP� $GGLWLRQDO DQDO\VHV
LQ VRLO VDPSOHV ZLOO EH SHUIRUPHG WR GHWHUPLQH WKH SRVVLEOH GHSRVLWLRQ RI KHDY\ PHWDOV LQ
WKLV HQYLURQPHQW� 7KH UHVXOWV ZLOO EH FRPSDUHG ZLWK DFFUHGLWHG UHVHDUFK RQ SHUVLVWHQW
RUJDQLF SROOXWDQWV �323V� DQG KHDY\ PHWDOV IURP ����� MXVW EHIRUH WKH LQFLQHUDWRUV VWDUWHG
SURGXFWLRQ�

&RQFOXVLRQ

7KH UHVXOWV RI GLR[LQ DQDO\VHV ZLWK WKH '5 &$/8; ELRDVVD\ RQ HJJV RI EDFN\DUG
FKLFNHQ� DW ORFDWLRQ :LMQDOGXP� � NP GLVWDQFH IURP WKH 5(& LQFLQHUDWRU � DUH ��� SJ
%(4�J IDW� 7KLV OHYHO H[FHHGV WKH SHUPLVVLEOH (8 OLPLW RI ��� SJ %(4�J IDW IRU GLR[LQV
�3&''�)�GO�3&%� LQ HJJV ZLWK WKH '5 &$/8; E\ D IDFWRU RI QHDUO\ ����� )XUWKHUPRUH� WKH
UHVXOW RI 3)$6 FRQFHQWUDWLRQ LQ HJJ \RON DW WKH VDPH ORFDWLRQ LQ :LMQDOGXP LV ���� QJ�J IDW
ZDV FRPSDUDEOH WR WKRVH IRXQG QHDU RQH RI WKH ELJJHVW IOXRURFKHPLFDO SODQWV LQ RWKHU SDUWV
RI WKH ZRUOG� 7KH UHVXOW RI 3)26 LQ WKLV HJJ DQDO\VLV �DV D SDUW RI WKH ()6$ � E\ WKH

� $UNHQERXW $�� %RXPDQ .-$0� ������� 7KH 7UXH 7R[LF 7ROO� %LRPRQLWRULQJ UHVHDUFK RQ GLR[LQV �3&''�) DQG '/�3&%�� 3)$6
DQG 3$+�

� %DNNHU -� HW DO ������� 3HU� DQG SRO\IOXRULQDWHG VXEVWDQFHV LQ ZDVWH LQFLQHUDWRU IOXH JDVHV� 5,90 UHSRUW ���������

Â $UNHQERXW $��%RXPDQ .-$0� ������� +LGGHQ WHPSHUDWXUHV� &DVH VWXG\ 7R[LFR:DWFK �����

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW RI WKH5(&:DVWH ,QFLQHUDWRU� +DUOLQJHQ� WKH 1HWKHUODQGV
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(8�UHJXODWHG 3)$6� H[FHHGHG WKH (8 OLPLW IRU 3)26 RI � QJ�J� E\ D IDFWRU RI PRUH
WKDQ ��� 7KH 5HIHUHQFH VLWH RI 7]XPPDUUXP VKRZV 3)26 ���� QJ�J� DQG DW WKH UHIHUHQFH
VLWH :DUPRQG� QR 3)26 FRXOG EH GHWHFWHG� 7KH 3)$6 UHVXOW DW /RFDWLRQ :LMQDOGXP�
KLJKOLJKWV WKH LPSDFW RI SUR[LPLW\ WR WKH LQFLQHUDWRU� )XUWKHU UHVHDUFK LV QHHGHG WR LGHQWLI\
DGGLWLRQDO FRQWULEXWLQJ IDFWRUV�

8QOLNH LQ WKH HJJV� QR 3)$6 FRXOG EH GHWHFWHG ZLWK FKHPLFDO DQDO\VLV LQ IUXLWV DQG
YHJHWDEOHV VDPSOHG QHDU WKH LQFLQHUDWRU DW WKH ORFDWLRQ RI :LMQDOGXP� %HFDXVH RI WKH
SRWHQWLDO SUHVHQFH RI XQGHWHFWHG 3)$6 FRPSRXQGV� WKH QH[W VWHS ZLOO EH WKH DSSOLFDWLRQ RI
3)$6 ELRDVVD\V� %LRDVVD\ DQDO\VHV RQ 3$+� GLR[LQV �3&''�)�GO�3&%�� FRXOG EH GHWHFWHG
LQ IUXLWV DQG YHJHWDEOHV DW OHYHOV EHORZ WKH (8 OLPLWV IRU IRRG�

+HDY\ PHWDOV IRXQG LQ WKH VDPSOHV QHHG WR EH UHVHDUFKHG LQ D EURDGHU FRQWH[W WR
XQGHUVWDQG WKH OHYHOV IRXQG LQ HJJVKHOOV� PRVVHV� YHJHWDWLRQ� DQG IUXLW� 6RLO VDPSOHV IURP
UHIHUHQFH ORFDWLRQV ZLOO EH FRPSDUHG ZLWK KLVWRULFDO GDWD WR DVVHVV FKDQJHV RYHU WLPH�
SURYLGLQJ LQVLJKW LQWR WKH LPSDFW RI WKH ZDVWH LQFLQHUDWRU RQ VRLO FRQWDPLQDWLRQ RI GLR[LQV
�3&''�)�GO�3&%�� DQG KHDY\ PHWDOV�

2YHUDOO� WKHVH ILQGLQJV XQGHUVFRUH WKH FRPSOH[ LQWHUSOD\ EHWZHHQ ZDVWH LQFLQHUDWLRQ�
HQYLURQPHQWDO FRQWDPLQDWLRQ� DQG KXPDQ KHDOWK� QHFHVVLWDWLQJ FRQWLQXHG UHVHDUFK
DQG PRQLWRULQJ HIIRUWV LQ ����������

)LJXUH � �%LRPRQLWRULQJ UHVHDUFK UHVXOWV� +DUOLQJHQ� WKH 1HWKHUODQGV ����
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