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ABSTRACT

7KH�UHJXODWLRQ�RI�SRLQW�VRXUFH�GLVFKDUJHV�XVXDOO\�EDVHG�RQ�VSHFL¿F�FKHPLFDOV�ZKLFK�GHVFULEH�WKUHVKROGV�EHORZ�

which no adverse impact on the receiving water. The limitation of this technique includes the fact that it does not 

take into account interactions among toxicants (e.g. additivity, synergism, antagonism).  Therefore, toxicity testing 

LV�UHFRPPHQGHG�DV�LQWHJUDWHG�DSSURDFK�IRU�LGHQWLI\LQJ�WR[LF�SROOXWDQWV�WR�FRPSOHPHQW�FKHPLFDO�VSHFL¿F�DQDO\VLV�

by assessing the sum toxicity of all components in the mixture. The objective of this research was the assessment of 

Penaeus monodon (PM) as an indicator species for toxicity testing through comparisons between results from 48-h 

LC
50
�DQG�FKHPLFDO�DQDO\VLV�RI�WKH�QDWXUDO�JDV�GULOOLQJ�HIÀXHQW��&KHPLFDO�DQDO\VLV�RI�HIÀXHQW�VDPSOHV�ZDV�SHUIRUPHG�

in order to determine concentrations of BTEX (benzene, toluene, ethyl benzene, xylene) and heavy metals (Cr, Ni, 

Cu, As, Pb, Cd). Average 48-h LC
50
¶V�IRU�30�ZDV��������IRU�HIÀXHQW�DQG������J�O�IRU�.&O��&RPSDULVRQ�EHWZHHQ�

DFXWH�WR[LFLW\�DQG�FKHPLFDO�DQDO\VLV�VKRZHG�D�VLJQL¿FDQW�FRUUHODWLRQ�EHWZHHQ�WROXHQH�FRQFHQWUDWLRQV�DQG����K�

LC
50
�LQ�30��S��������1R�VLJQL¿FDQW�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�GHWHFWDEOH�KHDY\�PHWDO�FRQFHQWUDWLRQV�DQG�

acute toxicity data in PM. Results suggest that the lack of correlation between toxicity and almost all chemical 

SDUDPHWHUV�LQGLFDWHV�WKDW�WR[LFLW\�WHVWLQJ�LV�PXFK�PRUH�XVHIXO�IRU�PRQLWRULQJ�WR[LFLW\�RI�HIÀXHQWV�WKDQ�FKHPLFDO�

analysis. Additional studies are needed to identify alternative toxicity endpoints as sensitive indicators of impacts 

on the environments.

Keywords: 3HQDHXV�PRQRGRQ��DFXWH�WR[LFLW\�WHVWLQJ��HIÀXHQW��UHIHUHQFH�WR[LFDQW��%7(;��KHDY\�PHWDO

INTRODUCTION

Water pollution and more specifically the 

WR[LFLW\� RI� ZDVWHZDWHU� UHOHDVHG� LQWR� WKH�

environment is a serious problem in many 

GHYHORSLQJ�FRXQWULHV�IRU�PDQ\�UHDVRQV��7KH�

most obvious is the discharge of wastewater 

directly into water systems such as rivers, 

lakes, and oceans, leading to effects on the 

HQYLURQPHQW�DQG�SRWHQWLDOO\�KXPDQ�KHDOWK������

The wastewater discharges from point sources 

DUH�FDOOHG�³HIÀXHQWV´��&RPPRQO\��PRVW�RI�WKH�

UHJXODWLRQV� WR� FRQWURO� HIÀXHQW� GLVFKDUJHV� LV�

EDVHG�RQ�WKH�FRQYHQWLRQDO�FKHPLFDO�VSHFL¿F�

DSSURDFK��7KH� XVHIXOQHVV� RI� WKLV� DSSURDFK�

includes the fact that it is usually less 

H[SHQVLYH� WKDQ� WR[LFRORJLFDO� DQG�HFRORJLFDO�

HYDOXDWLRQV��FDQ�EH� UHODWLYHO\�FOHDUO\� OLQNHG�

to treatability of individual chemical species 

WKDW�H[FHHG�WKH�DOORZDEOH�OLPLWV��DQG�KXPDQ�

health risks can best be estimated because 

this approach assesses the concentrations of 

VSHFL¿F�KHDOWK�KD]DUGV��VXFK�DV�PHUFXU\��+J���

LQ�WKH�HIÀXHQW��7KH�ZHDNQHVV�RI�WKLV�WHFKQLTXH�

includes the fact that it does not take into 

DFFRXQW� LQWHUDFWLRQV� DPRQJ� WR[LFDQWV� �H�J��

DGGLWLYLW\�� V\QHUJLVP�� DQWDJRQLVP��� DQG� WKH�

GHYHORSPHQW�RI�VWDQGDUG��L�H��DOORZDEOH�OHYHOV�

��3XVDW�6DUDQD�3HQJHQGDOLDQ�'DPSDN�/LQJNXQJDQ�'HSXWL�9,,�./+��.DZDVDQ�3XVSLSWHN�*HGXQJ������-DODQ�5D\D�3XVSLSWHN��6HUSRQJ�

7DQJHUDQJ���%DQWHQ��������,QGRQHVLD��QHQJ\D\DK#\DKRR�FRP�

��Indonesian (QYLURQPHQWDO�7R[LFRORJ\��&KXODEKRUQ�*UDGXDWH�,QVWLWXWH��%DQJNRN��������7KDLODQG

��/DERUDWRU\�RI�(QYLURQPHQWDO�7R[LFRORJ\��&KXODEKRUQ�5HVHDUFK�,QVWLWXWH��%DQJNRN��������7KDLODQG

��7HWUD7HFK��,QF���2ZLQJV�0LOOV��0'��������86$
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of discharge for all the individual pollutants 

IRXQG�LQ�HIÀXHQW��LV�YHU\�WLPH�FRQVXPLQJ�DQG�

UHVRXUFH�LQWHQVLYH�����

,Q� ������ WKH� 8�6�(3$� UHFRPPHQGHG� DQ�

LQWHJUDWHG� DSSURDFK� IRU� LGHQWLI\LQJ� WR[LF�

SROOXWDQWV� WKDW� XVHG�ZKROH� HIÀXHQW� WR[LFLW\�

WHVWLQJ� �:(77�� WR� FRPSOHPHQW� FKHPLFDO�

VSHFL¿F�DQDO\VLV������7KH�DGYDQWDJHV�RI�:(77�

include the fact that it can measure the sum 

HIIHFWV� RI� FRPSOH[�PL[WXUHV� RI� FKHPLFDOV�

LQ� HIÀXHQW� �FRQVLVWLQJ� RI� ERWK� NQRZQ� DQG�

XQNQRZQ� FRPSRXQGV��� WKH� ELRDYDLODELOLW\�

RI� WKH�WR[LF�FRQVWLWXHQWV� LV�DVVHVVHG�DQG�WKH�

effects of interactions between constituents 

DUH�PHDVXUHG��DQG�SROOXWDQWV�IRU�ZKLFK�WKHUH�

DUH� LQDGHTXDWH� DQDO\WLFDO�PHWKRGV� FDQ� EH�

DGGUHVVHG��There are also some limitations 

LQFOXGLQJ�WKH�IDFW�WKDW�WKH�SURSHUWLHV�RI�VSHFL¿F�

chemicals are not assessed, differences in 

species sensitivity may lead to different 

responses in tests with different species, 

LQKHUHQW� YDULDELOLW\� RI� WKHVH� WHVWV�� L�H�� LQWUD�

species variability, and the fact that controlled 

ODERUDWRU\�FRQGLWLRQV�GR�QRW�H[DFWO\�PLUURU�WKH�

real receiving environment, also WETTdoes 

not measure bioaccumulation effects, indirect 

WR[LFLW\�HIIHFWV��HIIHFWV�RQ�D�VSHFLHV�SUH\��RU�

long term chronic effects, including endocrine 

GLVUXSWLRQ�HIIHFW������

7R� HVWLPDWH� WR[LFLW\� RI� WKH� HIÀXHQW��:(77�

H[SRVHV�D�WHVW�SRSXODWLRQ�RI�DTXDWLF�RUJDQLVPV�

such as fish, invertebrates, and algae to 

GLOXWHG�DQG�XQGLOXWHG�HIÀXHQW�VDPSOHV�XQGHU�

FRQWUROOHG�FRQGLWLRQV��$W�WKH�HQG�RI�WKH�WHVW��

WKH�UHVSRQVHV�RI�WHVW�RUJDQLVPV�H�J��VXUYLYDO��

growth, and reproduction are used to estimate 

WKH� HIIHFWV� RI� WKH� WR[LFDQW� RU� HIÀXHQW�� DQG�

then this information is used to regulate the 

GLVFKDUJH� RI� WR[LF� DPRXQWV� RI� SROOXWDQWV� WR�

VXUIDFH�ZDWHUV�

7KLV� WHFKQLTXH� KDV� EHHQ� DGRSWHG� E\�PRVW�

UHJLRQV� RI� WKH�ZRUOG� �����:(77�� NQRZQ� DV�

GLUHFW�WR[LFLW\�DVVHVVPHQW��'7$��LQ�$XVWUDOLD��

was undertaken by Sydney Water in the late 

����V� XVLQJ� ORFDOO\� UHOHYDQW� WHVW� VSHFLHV��

FKURQLF� WR[LFLW\� WHVWLQJ� XVLQJ�PLFURDOJDH�

�Nitzschia closterium��� VFDOORSV� �Chlamys 

asperrima aka Mimachlamys asperrima���DQG�

DFXWH�WR[LFLW\�WHVWLQJ�XVLQJ�0LFURWR[��Vibrio 

¿VFKHUL��DQG�¿VK�ODUYDH��Macquaria sp�������

In Thailand, WETT that has been conducted to 

probe the acute responses to industrial whole 

HIÀXHQW�KDV�EHHQ�GRQH�XVLQJ�*LDQW�IUHVKZDWHU�

SUDZQ� �Macrobrachium rosenbergii�� �����

while testing with natural gas drilling platform 

HIÀXHQW�KDV�EHHQ�GRQH�ZLWK�%ODFN�WLJHU�SUDZQ�

�P. monodon�� DQG�$VLDQ� 6HD� %DVV� �Lates 

calcarifer���������

METHODOLOGY

Experiment design

$OO�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�$TXDWLF�

7R[LFLW\�7HVWLQJ�8QLW��$778���(QYLURQPHQWDO�

7R[LFRORJ\�/DERUDWRU\��&KXODEKRUQ�5HVHDUFK�

,QVWLWXWH��&5,���%DQJNRN�7KDLODQG��7KH�VWXG\�

ZDV�FRQGXFWHG�LQ���SDUWV��

In part I, the objective was to the measure 

WKH����K�/&
��
�RI�30�RI�WKH�P\VLV�VWDJH�������

GD\V��DV� WHVW�RUJDQLVPV��6DPSOHV�XVHG�ZHUH�

HIÀXHQW�IURP�QDWXUDO�JDV�GULOOLQJ�SODWIRUPV�DQG�

UHIHUHQFH�WR[LFDQW��SRWDVVLXP�FKORULGH��.&O���

In Part II, the objective was to compare 

FKHPLFDO� DQDO\VLV� GDWD�ZLWK� WR[LFLW\� GDWD��

and to see if there is any correlation between 

DFXWH� WR[LFLW\� DQG� FRQFHQWUDWLRQV� RI� DQ\� RI�

WKH�FKHPLFDO�FRPSRQHQWV�RI�HIÀXHQW�VDPSOHV��

The samples were used for both chemical and 
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WR[LFLW\�GDWD�DQG�FDPH�IURP�WKH�VDPH�VRXUFH��

��HIÀXHQWV�IURP�QDWXUDO�JDV�GULOOLQJ�SODWIRUPV�

LQ� WKH� *XOI� RI� 7KDLODQG�� 7KH� FKHPLFDOV�

analyzed were benzene, toluene, ethyl benzene 

DQG� [\OHQH� �%7(;�� DQG� LQRUJDQLF� �VRPH�

KHDY\�PHWDOV��&U��1L��&X��$V�� 3E�� DQG�&G��

FRPSRXQGV��7KH� WR[LFLW\� GDWD�ZDV� GHULYHG�

IURP����K�/&
��
�LQ�30��

Preparation of reference toxicants

4XDOLW\�FRQWURO� IRU�DOO� WR[LFLW\� WHVWV� LV�GRQH�

WKURXJK� WHVWLQJ�ZLWK� UHIHUHQFH� WR[LFDQWV� WR�

monitor inter-batch variations in test organism 

UHVSRQVHV�WR�WKH�VDPH�WR[LFDQW��7KH�UHIHUHQFH�

WR[LFDQW� XVHG� IRU� DFXWH� WR[LFLW\� WHVWLQJ�ZDV�

SRWDVVLXP� FKORULGH� �.&O���$�.&O� �0HUFN��

*HUPDQ\�� VWRFN� VROXWLRQ� RI� ��� J�O� ZDV�

prepared in Milli-Q, and in turn diluted with 

DUWL¿FLDO� VHDZDWHU� WR� WKH� IROORZLQJ� GLOXWLRQ�

VHULHV�����DV�WKH�FRQWURO���������������������DQG�

��J�O�.&O��

3UHSDUDWLRQ�RI�HIÀXHQW

7KH�HIÀXHQW�VDPSOHV�ZHUH�FROOHFWHG�LQ�D���/�

cubitainer by the grab sampling method from 

QDWXUDO�JDV�GULOOLQJ�SODWIRUPV��)ROORZLQJ�WKH�

&5,�623�������WKH�HIÀXHQW�ZDV�GLOXWHG�ZLWK�

DUWL¿FLDO�VHDZDWHU�DW�D�GLOXWLRQ�VHULHV�RI����DV�

WKH�FRQWURO�����������������������DQG�����IRU�

DFXWH�WR[LFLW\�WHVWLQJ��

Test organisms

P. monodon  was obtained from local 

commercial hatcheries in Chachoengsao 

SURYLQFH��7KDLODQG��7KH\�ZHUH� DFFOLPDWHG�

WR� WKH� ODERUDWRU\� FRQGLWLRQV� IRU� ���K� SULRU�

WR�WHVWLQJ��7KH�WHVW�RUJDQLVPV�ZHUH�SODFHG�LQ�

DQ�DHUDWHG�WUD\�FRQWDLQLQJ�DUWL¿FLDO�VHDZDWHU�

and acclimated to the following conditions: 

GLVVROYHG� R[\JHQ�ZDV�PDLQWDLQHG� DERYH�

����PJ�/��S+�DW�����±������VDOLQLW\�DW��������SSW��

WHPSHUDWXUH�DW���������&��DQG�D�SKRWRSHULRG�

RI����K�OLJKW�DQG����K�GDUNQHVV�IRU����K�SULRU�

WR� LQLWLDWLQJ� WHVWLQJ��7KH\�ZHUH� IHG� IUHVKO\�

hatched Artemia nauplii� WZLFH� GDLO\� ������

DQG���������'HDG�RU�PRULEXQG�DQLPDOV�ZHUH�

UHPRYHG�IURP�WKH�WUD\�GXULQJ�REVHUYDWLRQV�

&KHPLFDO�DQDO\VLV�RI�HIÀXHQWV

$QDO\VLV�RI�KHDY\�PHWDOV��&U��1L��&X��$V��3E��

DQG�&G��ZDV� GRQH� XVLQJ� WKH� DFLG� GLJHVWLRQ�

WHFKQLTXH� LQ� D� FORVHG�YHVVHO� PLFURZDYH�

V\VWHP� IURP�0LOHVWRQH� ,QF���86�� 6DPSOHV�

were analyzed by inductively coupled plasma 

PDVV� VSHFWURPHWU\� �,&3�06��� ,QWHUQDO�

VWDQGDUGV� ZHUH� XVHG� IRU� TXDOLW\� FRQWURO�

GXULQJ�DQDO\VLV��7R�FKHFN�IRU�FRQWDPLQDWLRQ�

during the digestion procedure and sample 

measurements, a blank solution was prepared 

DQG�FDUULHG�WKURXJK�HDFK�VHW�RI�DQDO\VHV��

The organic compounds analyzed were 

EHQ]HQH��WROXHQH��HWK\O�EHQ]HQH��DQG�[\OHQH�

�%7(;���6DPSOHV�ZHUH� SUHSDUHG�E\�630(�

XVLQJ� D� ���aP�&DUER[HQ�3'06�¿EHU� IURP�

6XSHOFR��6XSHOFR��%HOOHIRQWH��3$��86$������

�����$�%7(;�VWDQGDUG�ZDV�SXUFKDVHG� IURP�

/DERU�'U��(KUHQVWRUIHU�6FKDIHUV��*HUPDQ\��

*&�06�DQDO\VLV�ZDV�FDUULHG�RXW�RQ�D�+HZOHWW�

3DFNDUG�+3�������+HDGVSDFH�6DPSOHV�����O��

ZHUH� DQDO\]HG� E\� FDSLOODU\� FROXPQ� �'%����

JDV�FKURPDWRJUDSK\�XVLQJ���PO�PLQ�KHOLXP�

as the carrier gas and programmable injector 

ZDV�����&��VWDUW�WHPSHUDWXUH�����&�IRU���PLQ��

DQG��WKH�¿QDO�WHPSHUDWXUH�ZDV�����&���ZKLFK�

ZDV�KHOG�IRU����PLQ��7KH�JUDGLHQW�ZDV����&�

PLQXWH��.QRZQ�VWDQGDUGV�ZHUH�DGGHG�LQWR�WKH�

VDPSOH�WR�GHWHUPLQH�SHUFHQW�RI�UHFRYHU\�
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Toxicity tests

$UWL¿FLDO�VHDZDWHU�RI�D�VDOLQLW\�RI������SSW�

ZDV� SUHSDUHG� E\�PL[LQJ� VHD� VDOWV� �&RUDOLIH�

6FLHQWL¿F�*UDGH�0DULQHV� VHD� VDOW� DQG�'HHS�

2FHDQ� 6\QWKHWLF� VHD� VDOWV�� (QHUJ\� 6DYHU�

8QOLPLWHG��,QF��&DUVRQ�86$��ZLWK�GHLRQL]HG�

ZDWHU��DQG�WKHQ�DHUDWLQJ�IRU�DW�OHDVW����K�EHIRUH�

XVH��3ODFH�����PO�RI�WHVW�VROXWLRQ�LQWR�����PO�

SODVWLF�FRQWDLQHUV� 

(DFK� FRQWDLQHU� UHFHLYHG� ��� KHDOWK\� WHVW�

organisms randomly selected from the 

DFFOLPDWL]DWLRQ� WUD\�� (DFK� WR[LFLW\� WHVW�

FRQVLVWHG� RI� �� UHSOLFDWHV� SHU� FRQFHQWUDWLRQ��

Test chambers were kept in a low-temp 

incubator under controlled temperature 

������&�� DQG� SKRWRSHULRG� ����K� OLJKW��

���� GDUN�� RYHU� WKH� SHULRG�RI� WHVWLQJ� ����K���

5HQHZDO�RI�HIÀXHQW� WHVW�VROXWLRQV�ZDV�GRQH�

DW����K��EXW�QRW�IRU�UHIHUHQFH�WR[LFDQW��.&O��

VROXWLRQ�� 'LVVROYHG� R[\JHQ�� S+�� VDOLQLW\��

DQG� WHPSHUDWXUH�ZHUH�PHDVXUHG� GDLO\��$W�

UHQHZDO�RI�HIÀXHQW� WHVW� VROXWLRQV� ����K���DOO�

measurements were performed prior to and 

DIWHU�UHQHZDO�IRU�HIÀXHQW�VDPSOHV��7KH�QXPEHU�

of live organisms in each test chamber were 

UHFRUGHG� HYHU\� ���K��'HDG�RUJDQLVPV�ZHUH�

UHPRYHG�GDLO\�XVLQJ�D�FOHDQ�WUDQVIHU�SLSHWWH��

LC
50 
&DOFXODWLRQV

$FXWH�WR[LFLW\�RI�ERWK�HIÀXHQW�DQG�UHIHUHQFH�

WR[LFDQW� ZDV� GHWHUPLQHG� E\� FDOFXODWLQJ�

WKH�PHGLDQ� OHWKDO� FRQFHQWUDWLRQ� �/&
��
�� RI�

P\VLV�VWDJH�30��XVLQJ�WKH�7R[FDOF�VWDWLVWLFDO�

VRIWZDUH�SDFNDJH��0F.LQOH\YLOOH��&DOLIRUQLD��

86$��IRU�3&��

Statistical Analysis of Data

6366� VRIWZDUH� YHUVLRQ� ����� IRU�:LQGRZV�

�&KLFDJR�� 86$�� ZDV� XVHG� WR� FDUU\� RXW�

VWDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� LQ� WKLV� VWXG\��

Comparison among treatment groups of the 

LC
��
��DV�ZHOO�DV�WKH�%7(;�DQG�KHDY\�PHWDO�

concentrations, were analyzed using the t-test 

RU�0DQQ�:KLWQH\�WHVW�

RESULTS AND DISCUSSION

$FXWH�WR[LFLW\�WHVWLQJ�ZLWK�HIÀXHQW�VDPSOHV

)RUW\�HLJKW�KRXU�VWDWLF�UHQHZDO�WR[LFLW\�WHVWLQJ�

ZDV�SHUIRUPHG�XVLQJ���GLIIHUHQW�QDWXUDO�JDV�

GULOOLQJ�HIÀXHQW�VDPSOHV��7DEOH���VXPPDUL]HV�

WKH� WR[LFLW\�GDWD� ����K�/&
��
�� IRU� WKH�P\VLV�

VWDJH�30�

Table 1. 6XPPDU\�RI����K�/&
���

data
 
for P. monodon �30���������������������������������������������������������������������������������������������������������������������������

��IURP�WHVWV�ZLWK�QDWXUDO�JDV�GULOOLQJ�SODWIRUP�HIÀXHQW

Date of Experiment Sample ID LC50 in PM (%)

6/6/09 1 1.65

6/6/09 2 1.85

27/6/09 3 1.19

29/6/09 4 2.25

15/7/09 5 5.04

15/7/09 6 3.42

29/7/09 7 2.65

29/7/09 8 5.47

Mean (%) 2.94

CV (%) 53.8
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)URP�WKH�WDEOH�DERYH��LW�FDQ�EH�REVHUYHG�WKDW�

WKH�PHDQ����K�/&
��

 from test conducted using 

WKH� �� HIÀXHQW� VDPSOHV�ZDV� ������ LQ� 30��

$GGLWLRQDOO\��WKH�FRHI¿FLHQW�RI�YDULDWLRQ��&9��

in PM ZDV�������7KH�&9�YDOXH�LV�XVHG�DV�D�

measure of test precision, and is calculated by 

dividing the standard deviation by the mean, 

DQG�H[SUHVVHG�DV�D�SHUFHQWDJH�������

+ROGZD\� ������� UHSRUWHG� UHVXOWV� RI� DFXWH�

WR[LFLW\� WHVWLQJ�ZLWK� SURGXFHG�ZDWHU� IURP�

various oil production areas, with LC
��
�(&

��
’s 

UDQJLQJ� IURP�������� �����7KH� SDUDPHWHUV�

which affect the various LC
��

 values may be 

VSHFLHV�VSHFL¿F��DJH��DQG�KDELWDW������

$FXWH� WR[LFLW\� WHVWLQJ� ZLWK� UHIHUHQFH�

toxicant

,Q� JHQHUDO�� UHIHUHQFH� WR[LFDQW� WHVWLQJ� LV�

FRQGXFWHG� IRU� �� SXUSRVHV�� 7KH� ILUVW� LV� WR�

evaluate the relative health and sensitivities 

of a particular batch of test organisms, and the 

second is to track the test performance over 

WLPH�GXULQJ�WHVWLQJ��

7KH�UHODWLYH�KHDOWK�DQG�TXDOLW\�RI�WHVW�RUJDQLVPV�

from different batches could be assessed 

WKURXJK�GHYHORSPHQW�RI�D�UHIHUHQFH�WR[LFDQW�

control chart, which plots the LC
��

 for different 

EDWFKHV�RI���WHVW�VSHFLHV�WR���UHIHUHQFH�WR[LFDQW�

RYHU�WLPH��7\SLFDOO\��FRQWURO�FKDUW�OLPLWV�XVH�

WKH�PHDQ��� WZR� VWDQGDUG� GHYLDWLRQV�� DQG� D�

PLQLPXP�RI���GDWD�SRLQWV�WR�GHYHORS�WKH�¿UVW�

VHW� RI� OLPLWV� ������7ZR� VWDQGDUG� GHYLDWLRQV�

below the mean is the lower control limit 

�/&/���ZKLOH�WZR�VWDQGDUG�GHYLDWLRQV�DERYH�

WKH�PHDQ�LV�WKH�XSSHU�FRQWURO�OLPLW��8&/���7HVW�

RUJDQLVP�UHVSRQVH�WR�WKH�UHIHUHQFH�WR[LFDQW�LV�

considered acceptable in the range between the 

/&/�DQG�WKH�8&/�

Control charts were established as shown 

LQ� ILJXUHV� �� WR�PRQLWRU� WKH� SHUIRUPDQFH�

�SRVVLEO\� GXH� WR� UHODWLYH� KHDOWK� DQG� LQWHU�

EDWFK�VHQVLWLYLWLHV��RI�WHVW�RUJDQLVPV�IURP���

WHVWV��7KH�FRQWURO�FKDUW�OLPLWV��PHDQ����6'��

for mysis-stage P. monodon ranged from 

����±�����.&O�

)LJXUH�����P. monodon �P\VLV�VWDJH��FRQWURO�FKDUW�VKRZLQJ�WKH�DYHUDJH�/&
��

 with upper and lower control limits
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)URP� WKLV� VWXG\�� WKH� UHIHUHQFH� WR[LFDQW�GDWD�

from 5 tests using KCl in PM were within the 

FRQWURO� FKDUW� OLPLWV��7KLV�PHDQV� WKDW� DOO� WKH�

LC
���

data from tests with natural gas drilling 

platform effluent, which were conducted, 

using test organisms from this same batch, 

DUH�DFFHSWDEOH��

&KHPLFDO�DQDO\VLV�RI�%7(;�FRPSRXQGV

Results are presented as benzene, toluene, 

HWK\O�EHQ]HQH��[�[\OHQH�DQG�WKH�VXP�RI�P��DQG�

S�[\OHQHV��EHFDXVH�WKHVH�LVRPHUV�VKRZ�VLPLODU�

UHVSRQVH�DQG�UHFRYHU\��7KH�VXPPDU\�RI�WKH�

%7(;�GDWD�IRU�WKH�HIÀXHQW�LV�VKRZQ�LQ�7DEOH���

,Q�DOO�HIÀXHQW�VDPSOHV�� WKH�FRQFHQWUDWLRQ�RI�

benzene is highest relative to toluene, ethyl 

EHQ]HQH�DQG�[\OHQH��(DFK�FRPSRXQG�GLG�QRW�

show the same trend with respect to samples, 

L�H�� WKH� KLJKHVW� FRQFHQWUDWLRQV� IRU� GLIIHUHQW�

FRPSRXQGV�ZHUH�REVHUYHG�LQ�GLIIHUHQW�HIÀXHQW�

VDPSOHV��7KH�UDQJH�RI�EHQ]HQH�LV�����������

QJ�PO��ZLWK�WKH�ORZHVW�FRQFHQWUDWLRQ�REVHUYHG�

LQ� 6DPSOH� �� DQG� WKH� KLJKHVW� LQ� 6DPSOH� ���

UHVSHFWLYHO\��$�GLIIHUHQW�WUHQG�ZDV�REVHUYHG�

for toluene, with the lowest concentration 

REVHUYHG� LQ�6DPSOH��� ������QJ�PO�� DQG� WKH�

KLJKHVW�LQ�6DPSOH���������QJ�PO���)RU�HWK\O�

EHQ]HQH��WKH�UDQJH�RI�FRQFHQWUDWLRQV�LV������

±� ����QJ�PO��ZLWK� WKH� ORZHVW� FRQFHQWUDWLRQ�

REVHUYHG� LQ� 6DPSOH� �� DQG� WKH� KLJKHVW� LQ�

6DPSOH����UHVSHFWLYHO\��6LPLODUO\��IRU�o�[\OHQH�

and m, p�[\OHQH��6DPSOH� �� KDG� WKH� KLJKHVW�

FRQFHQWUDWLRQV��ZKLOH�6DPSOH���KDG�WKH�ORZHVW��

The range of o�[\OHQH�LV����������QJ�O�DQG�IRU�

m,p�[\OHQH� LV� ���������QJ�PO�� UHVSHFWLYHO\��

)RU� TXDOLW\� FRQWURO� GXULQJ�PHDVXUHPHQW� RI�

%7(;�� UHFRYHU\� ����ZDV� LQ� WKH� DFFHSWDEOH�

UDQJH�RI�������������0RVW�RI�WKH�GDWD�ZHUH�

VLJQL¿FDQWO\�DERYH� WKH� LQVWUXPHQW�GHWHFWLRQ�

limits for the respective compounds, with only 

a few data points being close to the detection 

OLPLWV��SDUWLFXODUO\�IRU�HWK\O�EHQ]HQH�

Table 2 6XPPDU\�RI�FRQFHQWUDWLRQV�RI�%7(;�FRPSRXQGV�LQ�HIÀXHQW�VDPSOHV��QJ�PO�

SAMPLE ID BENZENE TOLUENE ETHYL BENZENE O-XYLENE M&P-XYLENES

1 2362 5.59 1.91 11.21 17.14

2 2413 11.59 2.15 13.79 21.08

3 381 20.95 2.62 26.49 39.66

4 1784 161 45 3.39 5.29

5 8510 4572 38 6.91 14.57

6 1633 1133 152 338 244

7 10227 950 14.94 76.91 86.29

8 2813 1052 9.58 65.14 84.37

RECOVERY (%) 81.45 86.96 95.44 99.48 97.68

IDL (NG/ML) 0.99 1.49 1.84 1.86 1.96

IDL=Instrument detection limit
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Chemical analysis of heavy metals

The summary of the concentrations of heavy 

PHWDOV� DQDO\]HG� LQ� WKH� HIÀXHQW� VDPSOHV� LV�

VKRZQ�LQ�7DEOH���

)RU�KHDY\�PHWDOV��$UVHQLF��$V��ZDV�GHWHFWHG�LQ�

DOO�HIÀXHQW�VDPSOHV�ZLWK�KLJKHU�FRQFHQWUDWLRQV�

WKDQ� WKH� RWKHU�PHWDOV� RI� LQWHUHVW� �UDQJH��

�������� SSE��� 7KH� KLJKHVW� FRQFHQWUDWLRQ�

RI�$V�ZDV�IRXQG�LQ�VDPSOH���������SSE���$�

detectable concentration of Cr was found in 

HIÀXHQW� VDPSOHV������������ DQG����ZKLOH� WKH�

rest of the samples were below the instrument 

GHWHFWLRQ�OLPLW��7KUHH�HIÀXHQW�VDPSOHV��������

DQG���� KDG�GHWHFWDEOH� OHYHOV� RI�1L�ZLWK� WKH�

KLJKHVW�FRQFHQWUDWLRQ�IRXQG�LQ�HIÀXHQW�VDPSOH�

��������SSE���&X�ZDV�GHWHFWDEOH�RQO\�LQ�6DPSOH�

Table 3. 6XPPDU\�RI�KHDY\�PHWDO�FRQFHQWUDWLRQV�LQ�HIÀXHQW�VDPSOHV��SSE�

Sample ID Cr Ni Cu As Pb Cd

1 ND ND ND 988 ND ND

2 ND ND ND 922 ND ND

3 1.60 1.65 56.80 47 ND ND

4 0.93 ND ND 996 ND ND

5 0.51 ND ND 171 ND ND

6 0.65 3.25 ND 322 ND ND

7 ND ND ND 4247 ND ND

8 1.15 0.31 ND 2850 ND ND

Recovery (%) 89.41 89.23 89.01 94.04 76.42 87.29

Detection limit 0.15 0.25 0.25 0.15 0.15 0.15

nd = Below detection limit

�� ������ SSE���&RQFHQWUDWLRQV� RI�3E� DQG�&G�

ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW�IRU�DOO�HIÀXHQW�

VDPSOHV��)RU�TXDOLW\�FRQWURO�RI�PHDVXUHPHQWV��

SHUFHQWDJH� RI� UHFRYHU\� ���5HFRYHU\��ZDV�

JRRG��UDQJLQJ�IURP���������������

'HWHUPLQDWLRQ� RI� UHODWLYH� LQIOXHQFH� RI�

dif ferent  BTEX and heavy metal 

FRQFHQWUDWLRQV�RQ�HIÀXHQW�VDPSOH�WR[LFLW\

The  cor re l a t ion  be tween  chemica l 

concentrations in the effluents and the 

DVVRFLDWHG�WR[LFLW\�GDWD��/&
��
��LQ�WKH�WZR�WHVW�

species was analyzed using the Spearman’s 

rho non-parametric method since the data 

ZDV�IRXQG�QRW�WR�EH�QRUPDOO\�GLVWULEXWHG��7KH�

result of the correlation conducted using PM 

GDWD�LV�VKRZQ�LQ�7DEOH����

Table 4. �5HVXOWV� IURP�6SHDUPDQ¶V� UKR�QRQ�SDUDPHWULF� WHVW� IRU� FRUUHODWLRQ�EHWZHHQ�HIÀXHQW�

%7(;�FRQFHQWUDWLRQV�DQG�P. monodon LC
��

 data

Spearman’s rho correlations

benzene toluene Ethyl benzene o-xylene m,p-xylene nd

Correlation &RHIÀFLHQW .548 .857** .571 .238 .238

Sig. (2-tailed) .160 .007 .139 .570 .570

�&RUUHODWLRQ�LV�VLJQL¿FDQW�DW�WKH������OHYHO����WDLOHG��
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)URP� WKH� UHVXOWV� VXPPDUL]HG� LQ� WKH� WDEOH�

above, it is observed that only toluene yielded 

a statistically significant correlation with 

WR[LFLW\�GDWD�����K�/&
��
��p���������7KLV�LV�LQ�

DJUHHPHQW�ZLWK�.RUQ�HW�DO���������ZKR�VWDWHG�

WKDW� WROXHQH� LV�PRUH� WR[LF� WKDQ�PDQ\�RWKHU�

hydrocarbons, such as benzene, though the 

ODWWHU�DUH�PRUH�ZDWHU�VROXEOH�� ,W� LV�H[SHFWHG�

WKDW� WKH� DFXWH� WR[LFLW\� RI� SODWIRUP� HIÀXHQW�

to marine organisms is low, and due to the 

characteristic of organic compounds, they may 

be readily lost by weathering but are relatively 

PRUH� WR[LF� LQ� ZDWHUV� WKDW� DUH� UHODWLYHO\�

VWDJQDQW�DQG�FKURQLFDOO\�SROOXWHG������

In terms of results from animal studies 

�PDPPDOLDQ���DFXWH�RU�UHSHDWHG�H[SRVXUH�WR�

%7(;� LV� H[SHFWHG� WR� SURGXFH� QHXURORJLFDO�

impairment and could lead to altered 

ion transport, enzymic activities, and 

neurotransmitter receptor functions which 

are necessary for normal nerve impulses 

DQG� UHJHQHUDWLRQ� RI� DFWLRQ��+RZHYHU�� WKHUH�

LV� FXUUHQWO\� QR�PHFKDQLVWLF� GDWD� IRU�%7(;�

FRPSRXQGV�LQ�DTXDWLF�VSHFLHV��5HODWLYHO\�OLWWOH�

is known about the abundance or presence of 

Spearman’s rho correlation
Cr NI CU AS

PM PV PM PV PM PV PM PV

&RUUHODWLRQ�&RHIÀFLHQW��6LJ�����7DLOHG�
.098 -.342 .109 -.436 -.577 -.247 .310 .548

.818 .408 .797 .280 .134 .555 .456 .160

Table 5. 5HVXOWV�IURP�6SHDUPDQ¶V�UKR�QRQ�SDUDPHWULF�WHVW�IRU�FRUUHODWLRQ�EHWZHHQ�HIÀXHQW�KHDY\�

PHWDO�FRQFHQWUDWLRQV�DQG����K�/&
��

 P. monodon �30� data

%7(;�FRPSRXQGV�LQ�WKH�PDULQH�HQYLURQPHQW��

especially in biota, and their behavior in the 

PDULQH�HFRV\VWHP�

The Spearman’s rho test was also selected to 

GHWHUPLQH�LI�WKHUH�ZDV�D�VLJQL¿FDQW�FRUUHODWLRQ�

EHWZHHQ�HIÀXHQW�KHDY\�PHWDO�FRQFHQWUDWLRQV�

DQG�WR[LFLW\�GDWD�LQ�HLWKHU�WHVW�VSHFLHV��5HVXOW�

IRU�30� LV� VXPPDUL]HG� LQ�7DEOHV� ���&G� DQG�

Pb data were dropped from the correlation 

DQDO\VLV� VLQFH� WKH� FRQFHQWUDWLRQV� RI� WKH� ��

PHWDOV�LQ�DOO�HIÀXHQW�VDPSOHV�ZHUH�EHORZ�WKH�

GHWHFWLRQ�OLPLWV��)URP�WKH�UHVXOWV�VXPPDUL]HG�

DERYH�� QR� VLJQL¿FDQW� FRUUHODWLRQ�ZDV� IRXQG�

between any of the effluent heavy metal 

FRQFHQWUDWLRQV� DQG� WKH� WR[LFLW\� GDWD� ����K�

LC
��
��p!�������,Q�PRVW�FDVHV��WKHUH�VKRXOG�QRW�

EH�H[SHFWHG�WR�EH�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�

the metal concentration and the measured 

effects, because, in seawater, dissolved trace 

PHWDOV�DUH�SDUWLWLRQHG�LQ�HTXLOLEULXP�EHWZHHQ�

FRPSOH[LQJ� OLJDQGV��$V� D� FRQVHTXHQFH�� WKH�

free metal ion is present in a relatively low 

percentage compared to the total dissolved 

PHWDO������
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CONCLUSION

6LJQL¿FDQW� FRUUHODWLRQ�ZDV� IRXQG� EHWZHHQ�

30�DFXWH� WR[LFLW\� GDWD� DQG� HIÀXHQW� VDPSOH�

WROXHQH�FRQFHQWUDWLRQV�RQO\��6SHDUPDQ¶V�UKR�

FRUUHODWLRQ�FRHI¿FLHQW� ��������p��������1R�

VLJQL¿FDQW� FRUUHODWLRQ�ZDV� IRXQG� EHWZHHQ�

DFXWH�WR[LFLW\�GDWD�DQG�FRQFHQWUDWLRQV�RI�DQ\�RI�

WKH�KHDY\�PHWDOV��&U��1L��&X��DQG�$V���IRU�30��

There currently is very little data to support 

correlations between individual concentrations 

of natural gas drilling platform effluents 

DQG� DFXWH� WR[LFLW\��7KH�SRWHQWLDO� LQWHUDFWLYH�

effects of the individual components in this 

FRPSOH[�PL[WXUH��H�J��V\QHUJLVP��DQWDJRQLVP�

and potentiation, would make it very unlikely 

WKDW� DQ\� RQH� FRPSRQHQW�� KRZHYHU� WR[LF�

LQGLYLGXDOO\��FRXOG�SOD\�D�VLJQL¿FDQW�SDUW� LQ�

WKH�RYHUDOO�WR[LFLW\��$GGLWLRQDOO\��WKH�ODFN�RI�

FRUUHODWLRQ�PD\�EH�GXH�WR�D�ORZ�DFXWH�WR[LFLW\�

RI�WKH�LQGLYLGXDO�WR[LFDQWV��H�J��KHDY\�PHWDOV��

SDUWLFXODUO\�DW�WKH�OHYHOV�IRXQG�LQ�WKLV�VWXG\��

7KLV� DOVR�PHDQV� WKDW� WR[LFLW\� WHVWLQJ�� H�J��

WETT, which takes into account the sum 

WR[LFLW\� RI� D�PL[WXUH�� LV�PXFK�PRUH� XVHIXO�

IRU�PRQLWRULQJ� WKH� TXDOLW\�� L�H�� WR[LFLW\�� RI�

ZDVWHZDWHU�HIÀXHQW�DQG�WKH�SRWHQWLDO�HIIHFWV�

RQ�UHFHLYLQJ�ZDWHUV��
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RUJDQLVP�� ¿IWK� HGLWLRQ��:DVKLQJWRQ��

'&��8�6��(3$�RI¿FH�RI�ZDWHU������7���

�����

������$GHED\R�$��2WLWRORMX�2.(��$GHVROD�

2��2VLERQD��%LRORJLFDO� UHVSRQVHV� LQ�

edible crab, Callinectes amnicola that 

could serve as markers of heavy met-

DOV� SROOXWLRQ��6SULQJHU�6FLHQFH�%XVL-

QHVV�0HGLD��//&������������effects on 

UHFHLYLQJ�ZDWHUV�


