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ABSTRACT Aquatic eco-toxicity of drilling fluid for petroleum exploration in Chad Lake oil-
dom was evaluated and graded using Brachydanio rerio as the common biomarker in aquatic
toxicology and the Misgurnus anguillicaudatus as the dominant species, by the methods of 96h
acute toxicity test for aquatic organism and toxicity unit (TUa). The results showed that Sam-
ple 1 had no acute toxicity effects on B. rerio and M. anguillicaudatus,in contrast, Sample 2
had a low-level toxicity to both of them. The 96h LLCs, of B. rerio and M. anguillicaudatus
stressed by Sample 2 were 42,362mg/L. and 50,861mg/L. with the TUa 2. 36 and 1. 97 respec-

tively. The comparison of the components of two samples showed that by the addition of an ad-
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ditive named JHBA-2 (a kind of hypo-fluorescencent white asphalt), the toxicity of Sample 2
was many times higher than Sample 1. This indicates that JHBA-2 has a severe eco-toxicity,
thus it should be abandoned or substituted by something low toxic or nonpoisonous in research
and development.
KEY WORDS Chad Lake Brachydanio rerio Misgurnus anguillicaudatus
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Table 1  Main components of additives in drilling fluids

N3 £ FK Name of additives F: % A 4> Main components
AP Polymeric alcohol /
H #LAE Silicone % i T2 A LR LA S A TR 22 Uk 43 BRSSO T R

SR TR R By A T R DR T 1 L SR T 43t 300 T L L L KR BE 3000 ~400%,

KPAM
P £ TR B €0 R o . 3 TR A AN i 4 L
<y o7 LR Z U R Y, WitE B TR AWK, 2R R T AR B B e A AT HLH B R
HAELRMRNESE FRKS FREEREEY
XC R
PAC-LV PP B 2T 4 2 70 AR A TR) CMC, HR IROPC R s U e A A 1 )
JHBA-2 — FMIC T T
1.2 Zik&EW

e ] s b 1 2 2L (TSO) L RE BITR 7K 15 e 48 78 A= W) BE 1 £ (1SO 07346) F1/E A5 B 3 BT 7 ) DX ARG 34 ol Y ik
N W AT BT . SCE AT YIFRE 7d, SEE I 96h, A 24h S 1 R E RHROK RIS . WIFRAE
A 1001 LI EL . Y 5% 91 18] 5 T £ A YR ok A 4 E 3 SO R FE T2 <T1. 000, BB AT 1d 45 1R 40, 9225 1)
() AN MR L G T BE T £ P 2 (A KC 284 mm R 0. 2240, 05 g R BCF A K 85410 mm A 3. 8140. 94
g
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1.3.1 ZEHmHZFRK

H R 7K DA FE AU 50 4 B AR BIUAR S 48 h DL B JEAVE SE80 FH K 8 AR 3 i 48 (DO =5. 5 mg/ L, K R 4% il 75
21+1 °C,pH K 6. 7+0. 2,
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PERE LIV B, 43 e S 8 R EEALRN 1 X RRAL . A I 4l Wk B 43 5 1 000.2 000.5 000,10 000,20 000,
30 000,40 000,50 000 mg/L,%&4H1% 3 M FAT4.

1.4 KBPR

B0 gn 25 2% 1 000 ml B . L b 5250 i AR B R 1 000 ml, BB F i B Ey 1 10 J8 . YR B g
ZAFNABLS 000 ml B T7 PR SR  C LG SE B0 AR Bl 2 000 ml, AR $E I 10 2 .

RO AN 12 h = 12 h(L = D) ISR EE Ky 4501x, R IR 1F2E 96 h, iR 56 1 8] A 6] K 76 40, i DO 4k
FETE 5.0 mg/L DA b 4 24 h B4 1 YO Ie e W 80 JF 1R J5 3 ~6 h oA Bl B 0RO 1 53¢ 32 1k £ (1 v 5 IR &
FET- %, ST 24.48.72.,96,120, 144 h WL IFiE %32 X £0 ) B2 AE AR BB T2 I DO KR A1 pH A8 46 1% 1
S BR BT A, B HR I A W o o Ay P B 3 A A i £ 1) R S A B BDIA R BE T
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Table 2 Toxic responses of B. rerio to the drilling fluids

B WL A i S IR R WIS S B)  ASh fEid B () 96h 1715 ik ()

Sample of (mg/L) Initial alive Alive number Mﬁglii;%:tg Alive number Mﬁgiﬁiiﬁig
drilling fluid  Liquid concentration number at 48h at 96h

1 0 10 10¢0) 0 10C0) 0
0 10 10€0) 0 10C0) 0
2 000 10 10C0) 0 10(0) 0
5 000 10 10C0) 0 10C0) 0
10 000 10 10(0) 0 10C0) 0
20 000 10 10C0) 0 10C0) 0
30 000 10 10(0) 0 10€0) 0
40 000 10 10 0 10 0

50 000 10 9.67(0.47) 3.33 9.67(0.47) 3.33
2 0 10 10C0) 0 10€0) 0
1 000 10 10C0) 0 10C0) 0
2 000 10 10C0) 0 10C0) 0
5 000 10 10C0) 0 10C0) 0
10 000 10 10(0) 0 10C0) 0
20 000 10 10(0) 0 10C0) 0
30 000 10 8.67(0.47) 13.3 8(0.82) 20
40 000 10 8.67(0.47) 13.3 7(1.41D) 30
50 000 10 4(1.41D) 60 2(0.82) 80

T (B S LMED RR = bR 2

Note: Value in brackets means 4 Standard Deviation
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£33 HABMHDENESEM

Table 3 The ecological toxicity of the drilling fluids to B. rerio

BAE XA (95 %) BAE X E] (95 %)

=S 1 LCs0 (48 h LCs50(96 h . ) _ TUa
Fidh Sample 5o € ) Confidence interval (95%) 5o € ) Confidence interval (95%) Ua
1 1. 22E+06 / 1. 22E+06 / 0.082
2 5.66E+04 4, 65E+04~9. 26 E+04 4. 24E+04 3.81E+04~4.91E+04 2. 36
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PR O DR R A AR SRR E MR I BORZE 5 . 1 S B T A% S92 6 21 08 S 7 52 6 300 18] S5 £ A L X b SRS
F S 20 S PR N T R R B TP REAEAR . 2 S I U 2R B H R ) AR R R R BN AR R S
S 21 v PR Sh AN 22 L SRR AN B, A B0 2 I T A A 45 s 7 e A R A v R AR 2 2 B A DR o 1] e
IKJEE » R RSN I A B S R 2l S U TR A R 2 e R R A A A 5 38 I 58 T B - A Y 4 ) R
T AR K Z P15 AT — i AR — MR SE 3~4 . PR A A R IRORE A B M G SR LR 4.
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Table 4 Toxic responses of M. anguillicaudatus to the drilling fluids

B R i i SRR WIGTEE SR B) 48 h IR s () 96 h 77i% B ()

Sample of (mg/L) Initial alive Alive number Mﬁgziﬁ;%:te Alive number Mﬁoﬁlij‘t;%:te
drilling fluid  Liquid concentration number at 48 h at 96 h

1 0 10 10¢0) 0 10C0) 0
1 000 10 10C0) 0 10C0) 0
2 000 10 10C0) 0 10€0) 0
5 000 10 10(0) 0 10€0) 0
10 000 10 10(0) 0 10€0) 0
20 000 10 10C0) 0 10C0) 0
30 000 10 10C0) 0 10€0) 0
40 000 10 10C0) 0 10C0) 0

50 000 10 10(0) 0 9.67(0.47) 3.33
2 0 10 10€0) 0 10C0) 0
1 000 10 10C0) 0 10C0) 0
2 000 10 10C0) 0 10€0) 0
5 000 10 10(0) 0 10C0) 0
10 000 10 10(0) 0 10€0) 0
20 000 10 10C0) 0 10C0) 0
30 000 10 8(0.82) 20 8(0.82) 20
40 000 10 8(0) 20 7(0.82) 30
50 000 10 6.67C0.47) 33.33 6(1.41) 40

(65 B AED 2R 7R - b o A 22

Notes: Value in brackets means + Standard Deviation

1S B JE ki) 96h LCs KT 10°me/ L. 2 SR X e B 96h LC; KT 45 000mg/L.1 S5 H
5 2 SR TUa 43508 1.97.0. 082, ZF M2 24 5 (£ 5. X 45 R 58D a 02 Ry &, i
— L UE WA IR JHBA-2 X5 1248 0 A2 403 v B AT e M i R 0
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Table 5 The ecological toxicity of the drilling fluids to M. anguillicaudatus

FE i . BEAEIX A (95 %) . EAF X E] (95 %6) .,
LCs (48 h . : LG50 (96 h . . -
Sample of drilling fluid Coo( ) Confidence interval (95%) Cso ) Confidence interval (95%) TUa
1 >1.00E+06 / 1.22E+06 / 0.082
2 5.53E+04 4. 86E+04~6. 83E+04 5. 09E+04 4, 56E+04~5. 99E+04 1.97

2.3 HHABMESEUSR

X T WA FR S SR B g PR L AT — 275 ih 26 [ A il A 2 CAPD il 2 19 L il 56 18 B 0] R (EPA)
HEHERY 96 h AR 4 IR Tk - ELIZbs DT vk C8) T I TR AR R S IR Ao b o %07 5 R R TR
HF (Mysid shrimp) £ g 5 BB A1E: 77 A 09 b5 11056 A= 10 - LU B0 R AR 08 LC, {1328 16 0 31058 1) 18 5 A
JE . K Ayers S AR A AW TEVEREST T 00 G ABETOR 96h LC 58 TUa J5 i3k 6 fis.

R6 EPAHHBARERMAESEES R
Table 6 Classification of the ecological toxicity of drilling fluids and additives by EPA(USA)

B SR HERL T e rh S REPE = ) 2

Toxic level Discharge allowed Nontoxic Low-toxic Moderately toxic Highly toxic Extremely toxic
96h LCso (mg/L) =30 000 =10 000 1 000~10 000 100~1 000 1~100 <1
TUa <3.33 <10 10~100 100~1 000 1 000~10° >10°

RS T SR 00 52 o 2 B T £ 8 BRHE X T EPA 5 P S PR OB HR A 1 A7 B K 22 5% B LA
HE I R Bl B T T AR S B B AT . T P 25 KR R IR i R ok 0 0 4 Bk B 45 0 4% 1 3
TENT4 BORIH OB REGHAES 1996, HEES 2008, FB% 2000, Hif. [6 A4k
I G — WL D A VA GObR e . AR IR Ah B BFSE (Waalsh e al. 19805 5344 4:% 19965 Schol-
tenetal. 20003 ZEFBE 2000 HIETE S 2008) , 55 A AT Ko A 0 HE M S 00 48 L 2 R Bl 9 v I
VIR AR M AT A0 90 (e T
KT HABRBEIMAESSESR

Table 7 Classification of the ecological toxicity of the drilling fluids based on our study

FEMEGH] Toxicity level B fh 96h LCs (mg/L) TUa Jefifk 96h LC50(mg/L) TUa
J&# Nontoxic 100 000 <1.0 100 000 <1.0
1k # Low-toxic 40 000~100 000 1.0~2.5 50 000~100 000 1.0~2.0
H1# Moderately toxic 10 000~40 000 2.5~10 10 000~50 000 2.0~10
5 Highly toxic 1 000~10 000 10~100 1 000~10 000 10~100
Jil 7 Extremely toxic 100~1 000 =100 100~1 000 =100

B S8 45 2R 5 R 2> G AT LS AN R B I S 6 £ 0 0 AN [] 8 B T Y 2 e S R R A TR A L 1
TR IOV B£8R SR AN BAT AR AR RE VA 2 5B IR RO RS BRE 5 i R e kR AT IR S B B AR A
H 2 5 Al WO0F BE o £ A RE PR A R T YR B85 1 5 Bl U Rk S AR W T A AR T B S 2 A AL R A
TEHLIRT B TR 45 0« 2 75 ELAT v R T M RO BRI 7 A 6 5 L i A R i — 2D 5T

3 ERE5iF8

Z: 7% [ N AN S 1 SR ST 5 o B /F A5l DR P RR B E RO R AT T 2 s il . 2 Hr el
1S Bl IR ity B A B Y00 BRE A0 R0 R SRR AR JC T MR FH 5 2 5 Bl R0 o B HC A R 00 B % £ A0 Y 56K EL A
TR P REEAE AL 2 SRR TR MR T 1 S B R OO B S A R PR R A A TR 2 B LU 1S B O
T 28.7 A 23. 9 4% o ASWEFE BT B9 B I OUR B O G BB IR 2 SRR WAL T I 1 SRR T —Fh
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A AR T F1 5 S N ) THBA-2 , 185 M & A T AR AR Ak, 158 B 220 o )Xo 488 R 980 1 2 1k A A AR K
me, Al i — S PRI L AR AR ., 9K R4S (2009) #E LA 5 v fff FH A IE J5 19 2 S A 1R 6 I T 6 46 2R 5 1
Z5 o AT 2 A HLER 2 T A AE N 2 BN R IR R B FHAS A B 0 A b . LA SRR, YT
R R TP R ZHOR I SR R S 4R B T R A A R 2 B R AR S A
BT B ik 22 B AE AR A I S A G R s ARG 45 SR n] 5 2 A ERIE  i2F— 250 BT ) O A A R
B B L R e VR . TR I o 200 A4 T Al T TR A R RS o ) 2 4% S i B A 2R SRR I L 7E X B
A B WA R HEAT A AR TR T R T B AR A I 3k e e LB T 1 % R N R U SR N A 4 A R
oo F AR .

e A X Rl T 2R A B R A F SR 29 2 25 T 20 2 90 AR AR, 8 LI 00 A 28 B MR DT AUF o b il R 2 1 S
YR RGN L IF R EPA MBS bR (B 4445 1996.2001) 2047 ME 5 ) 2 1 04 R 2 ) 75
PEPEM VLB 0 i T 2 G B L ECs SRR LCso A7 76 40 26 & 5 . B DL B 303 AR5 A N B3 R FH % b o
ik WFAE 2009) s 22 F5 B2 45 (2004) #E FLWF 5% v (o FH A o 25 700 - e S5 198 A ( SDIS) X IR T & 16 4 B 1 L
X IR K B 3 =2 ) A B A A A DG OG R AR 4 52 96 25 SR 525 36 151 & o 40 B 1k v R 24 Bt e et 4T
AR RIE T AR FE S SR E . L, 5 EPA AR SEAR — 8, XIIE T &G40 HE 2 nl
K EPA B 4> SRR e . BAE E A R 20098 22 300 A [R] 9 52 56 2 0 ok 6Bl R e AT St S MR, SE 50 2k
)5 R0 0 25 500 A R I e o 1 R ) A AR AR K AN BB LR R FH TR 9 4 bR . 6 R S (2008) 7E X i
A A K BT A A R TR A OR TR R B RN BE S VR S SR AR W . 2 % [ N AN SRR AT A5 R L g A
PG B9 a5 R S L 2 S AR b i A 7 KO K R B R BRE S £ A IS R R AT A0 G, I AR N BE I A ) 7 P
R4 T 5 A IT 2L, IF 48 B — b S 58 A 9 B 5y — B R OR SO . R — B 2R 0 AT o A R X
PR AK HEAT B M A3 ORAR T HO K AE A S R G FEMESE & R im0 . BRUE ORGSR LA VR A R AR L
RO M 1 A B RN GE T o BT B ST SR — 1 vl R 2 R BE R S bR o K A R R IR R 0 A B 1 A
B itt— 25 52 2 3 BN A AR IR R .
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