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Abstract

On-site experiment on constructed wetland for surplus activated sludge treatment was presented. The 
research focused on polycyclic aromatic hydrocarbons (PAHs) accumulation and distribution in 
Phragmites australis during the sludge stabilization process and investigated the effect of PAHs transport 

in Phragmites australis from stabilized sludge by comparison with native ones. Quantitative analysis on the 
contents of PAHs in native Phragmites australis shows that it has obvious PAHs distribution characteristics: 
highest contents are in leaves, followed by stems and roots, corresponding contents are 2.583, 2.198 and 0.899 mg/
kg (DW), respectively. After two-year loading and one-year natural stabilization, tested Phragmites australis 
accumulated PAHs obviously in constructed wetland. The leaf concentration factor (LCF) was slightly higher than 
the root concentration factor (RCF) and stem concentration factor (SCF) in plant-sediment phase, which were 3.759, 
3.518 and 3.368, respectively. The PAHs contents in the root, stem and leaf of tested Phragmites australis are 8.13, 
3.19 and 3.02 times that in native ones, which were 7.313, 7.002 and 7.814 mg/kg (DW). The RCF and SCF of the low-
molecular-weight PAHs (2–3 ring PAHs) predominated (5.02 and 4.93) in all samples taken from constructed 
wetland, then middle-molecular-weight PAHs (4 ring PAHs)(3.15 and 2.12) and high-molecular-weight PAHs (5–6 
ring PAHs)(2.29 and 2.63). LCFs of low-molecular-weight and middle-molecular-weight PAHs had higher values of 
4.03 and 4.17, followed by 2.81 of high-molecular-weight PAHs.
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下水処理によって出てくる汚泥の量は
近年急激に増加している。この中に含
まれる有機汚染物質を吸収するために
は葦が有効であることを検証する。

<XDQFKDR�=KDQJ1��-LDQJDQJ�/L1��5XL�&KHQ1��<XER�&XL�
1*UDGXDWH�VWXGHQW��&ROOHJH�RI�(QYLURQPHQW�DQG�5HVRXUFHV��'DOLDQ�1DWLRQDOLWLHV�8QLYHUVLW\��
&KLQD
�3URIHVVRU��&ROOHJH�RI�(QYLURQPHQW�DQG�5HVRXUFHV��'DOLDQ�1DWLRQDOLWLHV�8QLYHUVLW\��&KLQD
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Introduction
:DVWHZDWHU�VOXGJH�DPRXQWV�SURGXFHG�LQ�XUEDQ�VHZ-
DJH�WUHDWPHQW�LQFUHDVHV�UDSLGO\�ZLWK�WKH�JURZLQJ�RI�
WKH�ZDVWHZDWHU�WUHDWPHQW�LQGXVWU\��DQG�VOXGJH�WUHDW-
PHQW� DQG� GLVSRVDO� EHFRPH�XUJHQW� SUREOHPV� WR� EH�
VROYHG�DFURVV�WKH�ZRUOG��:DVWHZDWHU�VOXGJH�LV�D�NLQG�
RI� IHUWLOL]HU� ZLWK� DEXQGDQW� QLWURJHQ�� SKRVSKRUXV��
SRWDVVLXP��RUJDQLF�PDWWHU��DQG�RWKHU�PLFURHOHPHQWV��
+RZHYHU��WKH�SROOXWDQWV�LQ�WKH�VOXGJH�DOVR�QHHG�WR�EH�

WUHDWHG�VXLWDEO\��3RO\F\FOLF�DURPDWLF�K\GURFDUERQV�
�3$+V��WHQG�WR�DFFXPXODWH�LQ�VHGLPHQWV�GXH�WR�WKHLU�
K\GURSKRELFLW\�DQG�KLJK�OLSRSKLFLW\�DQG�DUH�RQ�WKH�
EODFNOLVWV� RI�SULRULW\�SROOXWDQWV� LQ�PDQ\�FRXQWULHV�
EHFDXVH�RI�WKHLU�SHUVLVWHQFH��ORZHU�ELRGHJUDGDELOLW\�
DQG�FDUFLQRJHQLF�SURSHUWLHV��7KH�VXUSOXV�VOXGJH�SUR-
GXFHG�LQ�LQGXVWULDO�ZDVWHZDWHU�WUHDWPHQW�KDV�KLJKHU�
3$+V�FRQWHQWV�XS�WR������PJ�NJ��0R��HW�DO���������
%HQ]R�D�S\UHQH��%DS��FRQWHQW�LV�OHVV�WKDQ���PJ�NJ�



102

Rui Chen, Jiangang Li, Yuanchao Zhang, Yubo Cui

�':�� LQ�&KLQD� VWDQGDUGV� RI� 3$+V� LQ� DJULFXOWXUDO�
DSSOLFDWLRQ��ZKLOH�PRUH�VHULRXV�VWDQGDUGV�DUH�FDU-
ULHG�RXW�LQ�VRPH�GHYHORSHG�FRXQWULHV��)RU�LQVWDQFH��
'HQPDUN�FKDQJHG�WRWDO�TXDQWLW\�VWDQGDUG�RI�3$+V�
IURP�OHVV�WKDQ���PJ�NJ�WR�OHVV�WKDQ���PJ�NJ�RQ�-XO\�
���������+ROODQG�VHWV�WKH�UDQJH�RI�3$+V�FRQWHQW�LQ�
XQFRQWDPLQDWHG�VRLO�IURP������WR�����PJ�NJ��':��
�6RQJ��HW�DO��������
� 3UHYLRXV�VWXGLHV�KDYH�VXJJHVWHG�WKDW�VRPH�SODQWV�
FDQ�EH�XVHG�IRU�UHPHGLDWLRQ�RI�VRLOV�FRQWDPLQDWHG�
E\�3$+V��6LPRQ�DQG�.HYLQ�������7DR��HW�DO��������
*DR��HW�DO���������&RQVWUXFWHG�ZHWODQG�WHFKQRORJ\�
SURYLGHV�D�QHZ�ZD\�IRU�GHJUDGDWLRQ�DQG�WUDQVIRUPD-
WLRQ�RI�3$+V�LQ�VXUSOXV�VOXGJH��8JJHWWL��HW�DO��������
&XL�� HW� DO�� �������&RQVWUXFWHG�ZHWODQG� IRU� VOXGJH�
WUHDWPHQW�LV�DOVR�NQRZQ�DV�VOXGJH�GU\LQJ�UHHG�EHG��
DQG�LWV�UHOHYDQW�UHVHDUFK�DQG�DSSOLFDWLRQ�DUH�LQFUHDV-
LQJO\�H[WHQVLYH��HVSHFLDOO\�LQ�WKH�DVSHFWV�RI�VOXGJH�
GHZDWHULQJ��RUJDQLF�PDWWHU�VWDELOL]DWLRQ��UHPRYDO�RI�
QLWURJHQ�DQG�SKRVSKRUXV��HWF��&RRSHU��HW�DO��������
8JJHWWL�� HW� DO�� ������ &XL�� HW� DO�� ������� +RZHYHU��
UHVHDUFK�RQ�3$+V�GHJUDGDWLRQ�DQG� WUDQVIRUPDWLRQ�
LQ�VOXGJH�LV�XQSXEOLVKHG��$�WKUHH�\HDU�H[SHULPHQWDO�
VWXG\� LV� SUHVHQWHG� KHUH� LQ� RUGHU� WR� V\VWHPDWLFDOO\�
LQYHVWLJDWH�3$+V�WUDQVIRUPDWLRQ�HIIHFWV�LQ�VWDELOL]HG�
VOXGJH�E\�FRQVWUXFWHG�ZHWODQG�

Materials and Methods
Constructed wetland construction

$� FRQVWUXFWHG� ZHWODQG� V\VWHP� LV� ORFDWHG� LQ� WKH�
'DOLDQ� 'HYHORSPHQW� =RQH� ZDVWHZDWHU� WUHDWPHQW�
SODQW��/LDRQLQJ�3URYLQFH��&KLQD��ZKLFK�LV�FRPSRVHG�
RI�VOXGJH�SXPS��VOXGJH�IHHG�WDQN�DQG�UHHG�EHG��7KH�
VL]H�RI�UHHG�EHG�LV����P�î����P�î����P��7KH�KHLJKW�
LQFOXGHV� D� �����P�PHGLD� OD\HU� DQG� �����P� VXSHU�
KHLJKW��7KH�VXEVWUDWD�LQ�WKH�UHHG�EHG�XQLW�FRPSULVHG�
D�����P�VODJ� OD\HU��D�����P�JUDYHO� OD\HU��D������P�
FRDUVH�VDQG�OD\HU��DQG�D�����P�¿QH�VDQG�OD\HU�IURP�
WKH�ERWWRP�WR�WKH�WRS��ZKLOH�D�IUHH�ERDUG�RI������P�
ZDV�DOORZHG�IRU�DFFXPXODWLRQ�RI�GHZDWHUHG�VOXGJH�
� 7KH�GUDLQDJH�V\VWHP�ZDV�PDGH�RI���P�SHUIRUDWHG�
39&�SLSH�ZLWK�D�GLDPHWHU�RI�����P�DQG�ORFDWHG�RQ�

WKH�ERWWRP�RI�WKH�EHG��6OXGJH�SHUFRODWH�ZDV�UHF\FOHG�
WR�WKH�ZDVWHZDWHU�WUHDWPHQW�V\VWHP�WKURXJK�VSHFLDO�
SLSLQJ�

Operation and maintenance

7KH� H[SHULPHQW� ODVWHG� WKUHH� \HDUV�� WKH� ¿UVW� \HDU�
ZDV�DGMXVWPHQW�SKDVH��WKH�VHFRQG�\HDU�ZDV�QRUPDO�
RSHUDWLRQ�SKDVH�DQG�WKH�WKLUG�\HDU�ZDV�QDWXUDO�VWDEL-
OL]DWLRQ�SKDVH�
� 7KH�V\VWHP�VWDUWHG�LQ�PLG�0D\�RI�WKH�¿UVW�\HDU��
$IWHU�Phragmites australis�ZDV�WUDQVSODQWHG�DQG�WKH�
WHQGHU�SODQW�ZDV�FXOWLYDWHG�IRU����GD\V��WKH�VOXGJH�
EHJDQ�WR�ORDG�RQ�WKH�EHG�LQWHUPLWWHQWO\��2QH�F\FOH�
ZDV�VHW�DW�VHYHQ�GD\V�ZLWK�IHHG�VOXGJH�DPRXQW�RI�
���� /�ZLWKLQ� ���PLQXWHV�� 7KH� H[SHULPHQW� LQ� WKH�
¿UVW� \HDU� ODVWHG� IRU� ��� SHULRGV� DQG� VWRSSHG�ZKHQ�
the Phragmites australis� URWWHG�DZD\��7KH� V\VWHP�
RSHUDWHG�IRU����SHULRGV�LQ�WKH�VHFRQG�\HDU��7KH�WRWDO�
WKLFNQHVV�RI� IHHG�VOXGJH� UHDFKHG�����P��DQG�PDLQ�
UDZ�VOXGJH�FKDUDFWHULVWLFV�DUH�DYHUDJH��������ZDWHU�
FRQWHQW�������J�/�DQG������J�/�RI�766�DQG�966�FRQ-
FHQWUDWLRQV��$YHUDJH�VOXGJH�ORDGLQJ�RQ�UHHG�EHG�ZDV�
�����NJ�P��\�
� 7KH�DYHUDJH�3$+�FRQWHQW�RI�UDZ�VOXGJH�ZDV������
PJ�NJ�� WKH� ORZ�PROHFXODU�ZHLJKW�3$+V������ULQJV�
1DS��$F\��$FH��)OH��3KH��$QW�DQG�)OD��SUHGRPLQDWHG�
����������PLGGOH�PROHFXODU�ZHLJKW�3$+V����ULQJV�
3\U��%D$��&KU��%D)�DQG�%N)��DQG�KLJK�PROHFXODU�
ZHLJKW� 3$+V� ����� ULQJV�%D3�� ,F3��'D$�DQG�'D3���
DFFRXQWHG�IRU��������DQG���������UHVSHFWLYHO\�
� $W� WKH�HQG�RI� WKH� WKLUG�\HDU�� WKH�DYHUDJH�3$+V�
FRQWHQW� LQ� VWDELOL]HG� VOXGJH�ZDV� �����PJ�NJ�� WKH�
ORZ�PROHFXODU�ZHLJKW�� PLGGOH�PROHFXODU�ZHLJKW�
DQG� KLJK�PROHFXODU�ZHLJKW� 3$+V� DFFRXQWHG� IRU�
�������������DQG��������UHVSHFWLYHO\�

PAH analyses

6DPSOH�SUHWUHDWPHQW��)LUVWO\��WKH�VDPSOHV�ZHUH�IDLU�
GULHG�QDWXUDOO\�DQG�JURXQG�WKURXJK�����PHVK�VLHYH��
WKHQ�ZHLJKHG��J�VDPSOH�LQ�����PO�(UOHQPH\HU�ÀDVN��
DGGHG���J�RI�DQK\GURXV� VRGLXP�VXOIDWH�DQG��J�RI�
FRSSHU�SRZGHU�LQ�WKH�VDPSOH��6HFRQGO\��WKH�VDPSOH�
ZDV�GLVVROYHG�ZLWK����PO�Q�KH[DQH���GLFKORURPHWK-
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DQH�������PL[HG�VROYHQW��XOWUDVRQLF�H[WUDFWLRQ�IRU����
PLQ��FHQWULIXJDO� IRU����PLQ�������U�PLQ���7KLUGO\��
URWDU\�HYDSRUDWLRQ��)LQDOO\��FRQVWDQW�YROXPH�WR��PO�
DQG�VHW�DVLGH�IRU�VXEVHTXHQW�XVH�
� 6DPSOH� SXULILFDWLRQ�� FROXPQ� FKURPDWRJUDSK\�
PHWKRG�ZDV� XVHG� IRU� VDPSOH� SXUL¿FDWLRQ�� )LUVWO\��
ZHLJK�����J�VLOLFD�JHO�DQG�����J�DQK\GURXV�VRGLXP�
VXOIDWH��EXUQ�IRU��K�DW�����&��WR�PDNH�KRPRJHQDWH�
LQ� WKH� EHDNHU� ZLWK� D� VPDOO� DPRXQW� RI� Q�KH[DQH��
7KHQ�SXW�D�VPDOO�DPRXQW�RI�FRWWRQ�ZRRO�DQG�����J�
TXDUW]��������PHVK��DFWLYDWHG�DW�����&�IRU����K��DW�
WKH�ERWWRP�RI�WKH�FROXPQ�DQG�,Q¿OWUDWH�WKH�FROXPQ�
ZLWK���PO�KH[DQH��6HFRQGO\��¿OO� WKH�FROXPQ�ZLWK�
WKH� VDPSOH��ZKLFK� LV� HOXWHG� E\� ���PO� Q�KH[DQH� ��
GLFKORURPHWKDQH�������PL[HG�VROYHQW��7KLUGO\��URWDU\�
HYDSRUDWLRQ��XQWLO� WKH�HOXWHG�VROXWLRQ� LV�GULHG�XS���
)LQDOO\��FRQVWDQW�YROXPH�WR���PO�XQGHU�WKH�SURWHFWLRQ�
RI�KLJK�SXULW\�QLWURJHQ��PRUHRYHU��WKH�3$+V�FRQWHQW�
LV�TXDQWL¿HG�E\�*&�06�DFFRUGLQJ�WR�H[WHUQDO�VWDQ-
GDUGV�PHWKRG��
� *&���06�FRQGLWLRQV��*&������JDV�FKURPDWRJUDSK\�
��PDVV�VSHFWURPHWU\�LQVWUXPHQW��6KLPDG]X��-DSDQ��LV�
XVHG�IRU�3$+V�GHWHUPLQDWLRQ��WKH�FDSLOODU\�FROXPQ�LV�
PDGH�RI�6(����KLJK�UHVROXWLRQ�SDGG\�TXDUW]���OHQJWK�
RI�������P��LQWHUQDO�GLDPHWHU�RI������PP��¿OP�WKLFN-
QHVV�RI������ȝP���7HPSHUDWXUH�SURJUDP�� WKH� LQLWLDO�
FROXPQ� WHPSHUDWXUH� LV������&�DQG�KHOG� WR������&�
ZLWK�D�VSHHG�RI����&�PLQ��WKHQ�PDLQWDLQ�IRU����PLQ��
7KH�LQMHFWLRQ�YROXPH�LV���ȝ/��7KH�FDUULHU�JDV�LV�KLJK�
SXULW\�QLWURJHQ�� WKH�FROXPQ�ÀRZ� UDWH��PDNHXS�JDV�
ÀRZ�UDWH�DQG�SUH�FROXPQ�SUHVVXUH�DUH������P/���PLQ��
���P/�PLQ�DQG������N3D�VHSDUDWHO\��D�VSOLW�LQMHFWLRQ�
PHWKRG�LV�SURFHVVHG�ZLWK�D�VSOLW�UDWLR�RI�������WKH�LQOHW�
WHPSHUDWXUH�DQG�GHWHFWRU�WHPSHUDWXUH�DUH�ERWK�������
&��(,�LRQL]DWLRQ�PRGH�LV�DGRSWHG�ZLWK�WKH�LRQL]DWLRQ�
HQHUJ\�RI����H9��WKH�VFDQQLQJ�VORSH�RI�IXOO�VFDQ�PRGH�
UDQJHV�IURP�����WR�����DPX�

Results and Discussion
PAHs distribution in native Phragmites australis

1DWLYH�Phragmites australis�VDPSOHV�ZHUH�WDNHQ�DW�
WKH�HQG�RI�SODQW�JURZWK�VHDVRQ�DQG�DQDO\]HG��7KH�

3$+V�FRQWHQWV�ZHUH�SUHVHQWHG�LQ�)LJ����
� 3$+V� LQ�Phragmites australis� DUH�FODUL¿HG� LQWR�
WKUHH� NLQGV� DFFRUGLQJ� WR� WKHLU� IXPHG� ULQJV�� /RZ�
PROHFXODU�ZHLJKW�3$+V� LQFOXGH���ULQJ� DQG���ULQJ�
1DS��$F\��$FH��)OH��3KH��$QW��)OD��PLGGOH�PROHFXODU�
ZHLJKW�3$+V�LQFOXGH���ULQJ�3\U��%D$��&KU��%D)�DQG�
%N)��+LJK�PROHFXODU�ZHLJKW�3$+V� LQFOXGH���ULQJ�
DQG���ULQJ�%D3��,F3��'D$�DQG�'D3��)URP�)LJXUH���
DQG�7DEOH���ZH�FDQ�JHW�WKH�FRQWHQW�GLVWULEXWLRQ�FKDU-
DFWHULVWLFV�LQ�QDWLYH�Phragmites australis�DV�IROORZV�
� 7KH�FRQWHQWV�RI� ORZ�PROHFXODU�ZHLJKW�3$+V� LQ�
URRWV�DQG�VWHPV�ZHUH�������DQG��������UHVSHFWLYHO\��
LQGLFDWLQJ�D�SUHGRPLQDQW�GLVWULEXWLRQ��:KLOH�PLGGOH�
PROHFXODU�ZHLJKW�DQG�KLJK�PROHFXODU�ZHLJKW�3$+V�
FRQWHQWV�ZHUH� UHODWLYHO\� ORZ��EHLQJ��������������
�LQ�URRWV��DQG��������������LQ�VWHPV���UHVSHFWLYHO\��
0LGGOH�PROHFXODU�ZHLJKW� DQG� ORZ�PROHFXODU�
ZHLJKW�3$+V�SUHGRPLQDWHG�LQ�Phragmites australis 
OHDYHV�WKH�FRQWHQWV�RI�������DQG��������EXW�KLJK�
PROHFXODU�ZHLJKW�3$+V�OHIW�RQO\�FRQWHQWV�RI�������
 Phragmites australis� VWHPV�KDG�UHODWLYHO\�KLJKHU�
FRQWHQW� RI� ORZ�PROHFXODU�ZHLJKW� 3$+V� �LQFOXGLQJ�
3KH��1D3��$F\��$FH��)OH��3KH��WKDQ�WKDW�LQ�URRWV�DQG�
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)LJ����3$+V�GLVWULEXWLRQ�LQ�QDWLYH�3KUDJPLWHV�DXVWUDOLV �Fig. 1  PAHs distribution in native Phragmites australis

Table 1  Percentages of Low, middle and high molecular 
weight PAHs in total PAHs/%

3$+V URRW VWHP OHDI
/RZ�PROHFXODU�ZHLJKW ���� ���� ����
0LGGOH�PROHFXODU�ZHLJKW ���� ���� ����
+LJK�PROHFXODU�ZHLJKW ���� ��� ����
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OHDYHV��+RZHYHU��PLGGOH�PROHFXODU�ZHLJKW�DQG�KLJK�
PROHFXODU�ZHLJKW� 3$+V� �LQFOXGLQJ� 3\U�� %D$�� &KU��
%E)�� %N)�� %D3�� ,F3�� %J3�� FRQWHQWV� LQ� OHDYHV�ZHUH�
PXFK�KLJKHU�WKDQ�WKDW�LQ�URRWV�DQG�VWHPV��PRUHRYHU��
&KU�ZDV�WKH�PRVW�HIIHFWLYHO\�DGVRUEHG�E\�Phragmites 
australis��
� 7KHVH�FKDUDFWHULVWLFV�RI�QDWLYH�Phragmites aus-
tralis�PD\�UHVXOW�IURP�WKH�DWPRVSKHULF�3$+V��3UH-
YLRXV�UHVHDUFK�KDV�VKRZHG�WKDW����(�����RI�3$+V�
LQ�DWPRVSKHUH�ZDV�DGVRUEHG�DQG�SXUL¿HG�E\�SODQWV�
�6LPRQLFK�� DQG� +LWHV� ������� 7KH� UHVXOWV� LQ� WKLV�
UHVHDUFK�VKRZHG�WKDW�VWHPV�DQG�OHDYHV�H[SRVHG�LQ�
DWPRVSKHUH�SOD\�WKH�UROH�RI�DGVRUSWLRQ�3$+V�IURP�
DWPRVSKHUH�GLUHFWO\��PDLQO\�LQFOXGLQJ�ORZ�PROHFX-
ODU�ZHLJKW�3$+V�VXFK�DV�$FH��)OH��3KH��$QW�DQG�&KU��
7KH�KLJK�3$+V�FRQWHQW�IRXQG�LQ�OHDYH�VXJJHVWHG�WKDW�
WKHVH�3$+V�ZHUH�GHULYHG�IURP�DWPRVSKHULF�GHSRVL-
WLRQ�LQ�JDVHRXV�RU�SDUWLFXODWH�IRUPV��DQG�WKDW�DWPR-
VSKHULF�IDOO�RXW�PLJKW�EH�WKH�PDLQ�LQSXW�SDWKZD\�IRU�
3$+V�LQ�WKHVH�SODQWV��:KLOH�ORZ�FRQWHQWV�LQ�WKH�URRWV�
PLJKW� KDYH� UHVXOWHG� IURP� WKH� UHODWLYH� ORZ� 3$+V�
FRQWHQW�LQ�WKH�VHGLPHQWV�DW�WKH�Phragmites australis 
VDPSOH�VLWH��*XR��3HL��<DQJ��HW�DO�������

Distribution of PAHs in Phragmites australis

'LVWULEXWLRQ�RI�3$+V�LQ�WHVWHG Phragmites australis 
LQ�WKH�VHFRQG�DQG�WKLUG�\HDUV�ZHUH�SUHVHQWHG�LQ�7DEOH�
��DQG�7DEOH����7RWDO�FRQFHQWUDWLRQV�RI�3$+V�LQ�GLI-
IHUHQW�Phragmites australis�SDUWV�ZHUH�FRPSDUHG�LQ�
7DEOH���
� 0DFURVFRSLFDOO\� VSHDNLQJ�� LW� LV� IRXQG� LQ� WKLV�
UHVHDUFK� WKDW� ORZ�PROHFXODU�ZHLJKW� 3$+V� SUH-
GRPLQDWHG� LQ�Phragmites australis� URRW� DQG� VWHP��
LQFOXGLQJ�UHODWLYHO\�KLJK�FRQWHQW�RI�%E)��+RZHYHU��
Phragmites australis�OHDI�KDG�KLJKHU�FRQWHQW�RI�PLG-
GOH�PROHFXODU�ZHLJKW� DQG� KLJK�PROHFXODU�ZHLJKW�
3$+V��HVSHFLDOO\�&KU�
� 7KH�GLVWULEXWLRQ�FKDUDFWHULVWLFV�RI�3$+V�LQ�WHVWHG�
Phragmites australis� LQ� WKH� VHFRQG� \HDU� FDQ� EH�
GHVFULEHG�WKDW�WKH�3$+V�FRQWHQW�LQ�URRW�LQFUHDVHG�DV�
WLPH� JRHV� XQWLO� WKH�PD[LPXP� YDOXH� LQ�1RYHPEHU��
ZKLOH�3$+V�FRQWHQWV�LQ�VWHP�DQG�OHDI�LQFUHDVHG�XQWLO�
WKH�PD[LPXP�YDOXH�LQ�2FWREHU��ERWK�VKRZHG�WKH�DELO-
LW\�RI�Phragmites australis�IRU�3$+V�ELRDFFXPXODWLRQ�

� %RWK�SODQW�VSHFLHV�DQG�3$+V�FRQWHQW�LQ�HQYLURQ-
PHQW�DIIHFW� WKH�3$+V�FRQWHQW� LQ�SODQWV��DQG�3$+V�
FRQWHQW�GLIIHUHQWLDWH� LQ�GLIIHUHQW�SDUWV�RI� WKH�VDPH�
SODQW��,W�LV�IRXQG�WKDW�SODQW�QHDU�WKH�LQGXVWULDO�]RQH�
KDV�D�KLJK�WRWDO�FRQWHQW��LQ�URRW��RI������PJ�NJ��/HH��
HW�DO���������,Q�WKLV�UHVHDUFK��WKH�WHVWHG�Phragmites 
australis� REWDLQHG� ELRDFFXPXODWLRQ� UDWH� RI� �����
�URRW���������VWHP��DQG�������OHDI��FRPSDUHG� WR�
WKH�QDWLYH�RQHV��$SSDUHQWO\��3$+V�ZHUH�WDNHQ�XS�E\�
URRWV�DQG�WKHQ�WUDQVIHUUHG�WR�WKH�VWHP�DQG�WKHQ�OHDI�
ZLWKLQ�SODQWV��&KU�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW�FRQ-
WHQW�RI������PJ�NJ�LQ�URRW�ZKLOH�1DS�ZDV�WKH�ORZHVW�
�������PJ�NJ���$QW�ZDV�WKH�KLJKHVW��������PJ�NJ��LQ�
VWHP��ZKLOH�1DS�ZDV�WKH�ORZHVW��������PJ�NJ���3KH�
ZDV�WKH�KLJKHVW��������PJ�NJ��LQ�OHDYH�DQG�)OD�ZDV�
WKH�ORZHVW��������PJ�NJ��

Bioaccumulation ability of Phragmites australis 
3$+V�FDQ�EH�WDNHQ�XS�E\�URRWV�DQG�OHDYHV�DQG�WUDQV-
ODWHG�ZLWKLQ�SODQWV��7KH�3$+V�DFFXPXODWLRQ�DELOLW\�
FDQ�EH�GHVFULEHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

� � 5&)� �&URRW�&VHGLPHQW

� � 6&)� �&VWHP�&VHGLPHQW

� � /&)� �&OHDI�&VHGLPHQW 

� :KHUH�&URRW��&VWHP��&OHDI��&VHGLPHQW�UHSUHVHQW� WKH�FRQ-
WDPLQDQW�FRQWHQW�LQ�SODQW�URRW��VWHP��OHDI�DQG�VHGL-
PHQW�
� 3$+�FRQFHQWUDWLRQ�IDFWRUV�LQ�Phragmites austra-
lis�URRW��VWHP�DQG�OHDI�LQ�WKH�WKLUG�\HDU�DUH�OLVWHG�LQ�
WKH�7DEOH���
� 7KH� FDOFXODWHG� 5&)� YDOXHV� UDQJH� IURP� ������
�%D$�� WR� ������� �3KH��� 6&)V� UDQJH� IURP� ������
�%E)��WR���������3KH���/&)V�UDQJH�IURP��������)OD��
WR���������3KH���������RI�3$+V�DFFXPXODWHG�LQ�WKH�
WHVWHG� Phragmites australis�� 7KH� ORZ�PROHFXODU�
ZHLJKW� 3$+� FRQFHQWUDWLRQ� IDFWRUV� LQ� Phragmites 
australis�URRW��VWHP�DQG�OHDI�DUH������������DQG�������
UHVSHFWLYHO\��KLJKHU�FRQFHQWUDWLRQ�IDFWRUV�PD\�UHVXOW�
IURP� UHODWLYHO\�KLJK�K\GURSKRELFLW\� DQG�ELRDYDLO-
DELOLW\�RI�3$+V��7KH�PLGGOH�PROHFXODU�ZHLJKW�3$+�
FRQFHQWUDWLRQ�IDFWRUV�LQ�Phragmites australis�URRW��
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Table 2  Distribution of PAHs in tested Phragmites australis in the second year (10-1mg/kg)

12 3$+V
URRW VWHP OHDI

6HS 2FW 1RY 6HS 2FW 1RY 6HS 2FW 1RY
 1 1D3 ����� ����� ����� ����� ����� ����� ����� ����� �����
� $F\ ����� ����� ����� ����� ����� ����� ����� ���� �����
� $FH ����� ����� ����� ����� ����� ����� ����� ����� �����
� )OH ����� ����� ����� ����� ����� ����� ����� ����� �����
� 3KH ����� ����� ����� ����� ���� ����� ����� ����� �����
� $QW ����� ����� ���� ����� ����� ����� ����� ���� �����
� )OD ����� ����� ����� ����� ����� ����� ����� ����� �����
� 3\U ����� ����� ����� ����� ����� ����� ����� ����� �����
� %D$ ����� ����� ����� ����� ����� ����� ����� ����� �����
�� &KU ����� ����� ����� ���� ����� ����� ���� ����� �����
11 %E) ����� ����� ����� ����� ����� ����� ���� ����� �����
�� %N) ����� ����� ����� ����� ����� ����� ����� ����� �����
�� %D3 ����� ����� ����� ���� ���� ����� ����� ����� �����
�� ,F3 ����� ����� ����� ����� ����� ����� ����� ����� ����
�� 'D$ ����� ����� ����� ����� ���� ����� ����� ����� �����
�� %J3 ����� ����� ����� ����� ����� ����� ����� ����� �����

Table 3 Distribution of PAHs in Phragmites australis in the 
third year (10-1mg/kg)

12 3$+V URRW VWHP OHDI
1 1D3 ���� ���� ����
� $F\ ���� ���� ����
� $FH ���� ���� ����
� )OH ���� ���� ����
� 3KH ���� ����� �����
� $QW ����� ����� ����
� )OD ���� ���� ����
� 3\U ���� ���� ����
� %D$ ���� ���� �����
�� &KU ����� ���� ����
11 %E) ���� ���� ����
�� %N) ���� ���� ����
�� %D3 ���� ���� ����
�� ,F3 ���� ���� ����
�� 'D$ ���� ���� ����
�� %J3 ���� ���� ����

Table 5  PAH concentration factors in Phragmites australis root, 
stem and leaf (mg/kg, DW)

12� &RPSRXQGV 5&) 6&) /&)
1 1D3 ����� ����� �����
� $F\ ����� ����� �����
� $FH ����� ����� �����
� )OH ����� ����� �����
� 3KH ������ ������ ������
� $QW ����� ����� �����
� )OD ����� ����� �����
� 3\U ����� ����� �����
� %D$ ����� ����� �����
�� &KU ����� ����� �����
11 %E) ����� ����� �����
�� %N) ����� ����� �����
�� %D3 ����� ����� �����
�� ,F3 ����� ����� �����
�� 'D$ ����� ����� �����
�� %J3 ����� ����� �����
7RWDO�DYHUDJH ����� ����� �����

Table 4  Total contents of PAHs in tested Phragmites australis 
(10-1mg/kg)

3DUW�
7HVWHG�Phragmites australis 1DWLYH�

Phragmites 
australis

7KH�VHFRQG�\HDU� 7KH�WKLUG�\HDU
6HS 2FW 1RY 1RY

URRW ������ ������ ������ ����� ����
VWHP ������ ������ ����� ����� �����
/HDI ���� ������ ������ ����� �����
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VWHP�DQG�OHDI�DUH������������DQG�������UHVSHFWLYHO\��
$QG�WKH�YDOXHV�RI�KLJK�PROHFXODU�ZHLJKW�3$+�DUH�
������ ����� DQG������� UHVSHFWLYHO\��$OWKRXJK�3$+V�
DUH�HDVLO\� WDNHQ�XS�E\� URRW�DQG� OHDYH�� WKH� WUDQVOD-
WLRQ�PHFKDQLVP�ZLWKLQ�Phragmites australis ZDV�QRW�
FOHDU��'HWWHQPDLHU��HW�DO���������%DVHG�RQ�WKH�UHVXOW�
RI�WKLV�UHVHDUFK��ZH�FRQFOXGH�WKDW�WHVWHG�Phragmites 
australis� FDQ� DFFXPXODWH� 3$+V� HIIHFWLYHO\� FRP-
SDUH� WR� QDWLYH� RQHV�� KLJKHU� 3$+� FRQWHQWV� LQ� VRLO�
FRUUHVSRQGV�WR�KLJKHU�3$+�FRQWHQWV�LQ�Phragmites 
australis��(VSHFLDOO\�ZH�FDQ�JHW�WKH�FRQFOXVLRQ�WKDW�
3$+V�FRQWHQW�LQFUHDVH�LQ�WHVWHG�Phragmites austra-
lis�VWHP�DQG�OHDI�PD\�UHVXOW�IURP�URRW�DGVRUSWLRQ�DQG�
WUDQVODWLRQ�LQ�SODQW�

Conclusions
3$+V�LQ�VOXGJH�FDQ�EH�HIIHFWLYHO\�DFFXPXODWHG�E\�
Phragmites australis�LQ�FRQVWUXFWHG�ZHWODQGV��$IWHU�
WZR� \HDUV� RI� VOXGJH� ORDGLQJ� SHULRG� DQG� RQH� \HDU�
RI� QDWXUDO� VWDELOL]DWLRQ� SHULRG�� WKH� 3$+� FRQWHQWV�
LQ� WHVWHG�Phragmites australis� URRW�� VWHP�DQG� OHDI�
LQFUHDVHG�QRWDEO\��UHDFKLQJ��������������DQG�������
PJ�NJ��':���FRUUHVSRQGLQJ�WR������WLPHV�RI�QDWLYH�
RQHV� LQ� URRWV�� ����� WLPHV� LQ� VWHPV�� ����� WLPHV� LQ�
OHDYHV�� UHVSHFWLYHO\��/RZ�PROHFXODU�ZHLJKW� 3$+V�
DUH�PRUH�HDVLO\�DFFXPXODWHG�WKDQ�PLGGOH�PROHFXODU�
ZHLJKW�DQG�KLJK�PROHFXODU�ZHLJKW�3$+V��6L[W\�IRXU�
SHUFHQW�RI�3$+V�LQ�VWDELOL]HG�VOXGJH�E\�FRQVWUXFWHG�
ZHWODQG�ZHUH�UHPRYHG�
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