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Ft 2

E78) BEFE N =
FUENREE: 96.07.02-10:04:51 :

HEEE FERERRERESErTY Y WXl S| AN R BB rnTE e s By | $iTR%
96TI60B Bt 538,000 0| 538,000 397,759 0 0] 397,759 140,241 3.9 73939
96T161 B & a5 8,500,000 | 1,855,000 | 6,645,000 | 2,574,915 80,237 | 2,185,181 | 4,840,333 | 1.804.667 39.96 | 3875%
96T3004 A FTIRE BT 837,840 0 87,840 ] 208,910 ] 300,000 o] 089101 328,930 60.74 | 24939
96TI02 AR R 2,107,903 012,107,903 [ 679,968 87,500 0| 767,868 | 1,340,035 36.43 | 3226%
96T303/KEBIEE! 7 1,999,545 0]1.99,545 | 633,512 635,040 0] 1,268,552 | 730,993 63.44 |  3168%
96 T304 BEHER 376,040 0] 376,040 [ 247,000 0 0| 247.000 | 129,040 65.68 |  6568%
96T324 B HEE VI T AT 659,528 76,000 | 583,528 | . 122,073 82,800 of 2048731 378,655 35.11 | 2092%
S6T3264 MEHEHIEAT 869,144 0 869,144 [ 393,283 0 o 393,283 475,861 4525 | 45259
96T5001- %k 1,681,000 01,681,000 | 604,118 | 568,454, 0 1.172,572] 508,428 69.75 | 3594%
96TS01 Rt TIZREARE A 1,079,920 01,090 240,654 | 800,000 0| 1,040,654 39,266 96.36 |  22.08%
O6TS0ZATS LB R 1,833,116 01,833,116 | 891,002 | 394,808 0[ 1,285,900 | 547,216 0.15 | 4861%
96TSOBEIREURE T 128 7| 1,546,561 o 1,546,561 | 249,750 [ 195,000 0] 444,750 [ 1,101,811 8.76 [ 16.15%
96TS14gRF — 5% 409,000 0 409,000 | 255,535 0 0 255.535] 153,465 62.48 | 62.48%
96TS25H ¥ TAZHIIERT 583,403 0| 583,403 | 125,725 | 457,678 0| 583,403 o] 10000 2155%
96TE00 R RERT 966,300 0] 966,30 | 220,35 | 220,000 0| 440,356 | 525,044 4557 22.80%
96TCO RIS TIZB R 2,107,925 0{2.107,925 [ 569,645 | 1,091,396 01,661,041 | 446,884 8.80 | 27.00%
96TE0IRAT ISR 1,626,483 0 [ 1,626,483 | 1,012,695 63,700 01,076,395 | 550,088 66.18 | 62.26%
96T WRMBATER | 1,081,027 0| 1,081,027 | 255,557 | 108,092 o 363,649 717,378 33.64 | 2364%
96T6.. LEEELB AT 677265 | 150,000 | 527,265 [ 390,342 51,000 0 441,342 85,923 8.70 1 7403%
96T700S;EFE AT 400,750 0 400,750 | 145,95 66,000 o 211,95 188,825 52.88 | 3641%
96T701 BHER 1,572,251 | 400,000 | 1,172,251 | 295,333 56,974 0] 352307 819,944 30.05 | 25.19%
96TIOEEERR 936,003 0] 936,003 764,766 0 0| 764,766 [ 171,237 8171 | 8171%
96TTOLEMEGERIZR | 1,371,527 0] 131,571 412,270 | 880,000 0 [ 1,352,270 19,257 98.60 | 3443%
96T705EB T2 7 1,444,469 0] Ta4a469 | 754,518 0 0| 754518 689,951 52.23 | 52.03%
96TSOOMBHERIBHIGEIRENE| 687,350 0| 687,350 | 185,204 | 142,700 0 327,94 | 359,356 a.n|  2696%
96TB04 I HERIB R AR 1,092,026 0] 1,092,006 | 451,125 221,500 0] em.65| 419401 61.59 | 4131%
96TROSTREEA MSLRAERIB 1,315,331 0] 1,315331 | 324,411 29,505 0] 353,916 961,415 26.91 | 24.66%
O6TR2GHERIIAREIENAER| 542,592 0] 54259 314,05 0 0] 31,052 | 168,540 68.94 | 68949
96TLTHRE R ERISERR| 475,008 0 415,098 87,067 15,900 o 102,97 372,131 .67 1833%
968G BLERE] 407,603 0 407,603 0 0 0 0| 407,603 0.00 0.00%
96T900 A 3t B EHERE 305,800 0] 305,800 78,220 | 118,270 0| 196,490 | 109,310 64.25 | 2558%
96T902B8: /1M 102,000 0 [ 102,000 61,330 10,500 0 71,830 30,170 0.42 | 60.13%
96T HHRE 102,000 0] 102,000 78,142 0 0 78,142 23,858 6.61 [ 76.61%
961904 LB WBE 102,000 o[ 102,000 49,500 0 0 49,500 52,500 .53 [ 48.53%)|
96TYP ™I/l 102,000 o 102,000 35,000 0 0 35,000 67,000 3431 3431%
96T9: . AHEIEGEBHERER 2,772,866 0| 2,772,866 22,495 20,895 0 43,390 | 2,729,476 1.56 0.81%
TR IERFEBE LI 150,000 0] 150,000 81,600 0 0 81,600 68,400 54.40 | 54.40%
96TINREIRIESL LI 204,987 0] 204,987 0 0 0 0 204,987 0.00 0.00%
96TI2IME RIER LI 876,518 0| 87,518 141,888 | 100,500 0 242,388 ] 634,130 21.65 | 16.19%
9RTOMRE RIS LTI 285,990 o] 285,99 [ 109,950 0 0] 109,950 [ 176,040 38.45 | 38.45%
ST STEI R A LT 219,629 0| 219,629 0 0 0 0] 219,629 0.00 0.00%
96T93 LR RAASHE 271,880 0| 271,880 0 0 0 o[ 271,880 0.00 0.00%
96T AR RESHE 271,880 0 271,880 0 0 0 o[ 271,880 0.00 0.00%
J6T933 4B REEHHE 365,448 0] 365,448 0 0 0 0] 365,448 0.00 0.00%
T 271,880 0] 271,880 ol 3291 0 32,970 | 238,910 12.13 0.00%
9679357 T RERYHE 273,968 o 213,968 19,300 0 0 19,300 | 254,668 7.04 7.04%
96TI36RIARIAGHE 273,968 o 273,968 0 0 0 0 273,98 0.00 0.00%
6TIITHGELFRIETH 327,022 o] 327,022 0 3,608 0 3,608 [ 323,414 1.10 0.00%
6T9IBBIBAIETHE 123,720 0| 123,720 0 0 0 of 13,70 0.00 0.00%
TR ARG 80,244 0 80,244 0| 63,000 0 63,000 17,244 78.51 0.00%
I6T9S L BB IR 255,001 o[ 255001 49,500 0 0 49,500 [ 205,501 1941 1941%
J6TOS2HEFAABFHI IR 578,405 0] 518405 216,00 113,673 0] 329,603 | 248,712 51.00 | 37.35%
TS IHHERLTERTICRT 291,994 of 29199 | 196.47m 0 0] 19,47t 95,523 67.299 | 67.29%
196 LERB L 219,300 0 219,300 53,22 0 0 53,227 | 166,073 .27 24271%
ITIC2ETR L E L L 164,475 0f 164,475 417,500 { 4510,900 0 88,400 76,075 5375 | 28.88%
696354 B Lo 201,025 0] 201,025| 117,613 17,500 o] 135113 65,912 61.21 |  5851%
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BAREBITRELALE .
1 MEEE 498 days| 2006/12/4{2008/10/29|2006/12/4|NA 15% | 14%
1.1 RS 1 day 2007/1/74| 2007/1/4| 2007/1/4] 2007/1/4{100% | 100%
1.2 F—M(HATKr#) [84 days | 2006/12/5] 2007/3/30|2006/12/5/2007/2/28]100% | 100%
Eo(RHEE 44
1.3 %, Bo#E, UFRst) (151 days| 2007/6/4[2007/12/31 2007/4/2[NA 8% 4%
53.5
1.3.1 % Hkt days 2007/6/4] 2007/8/16{NA NA 20% 9%
1.3.1.1 HEREH 50 days 2007/6/4| 2007/8/10{NA NA 27% | 13%
1L3.1.1.1 |R#EEHNELRL 10 days 2007/6/4| 2007/6/15|NA NA 100%| 58%
Use Case $t 42 Ul #
1.3.1.1.1. 1|3 5 days 2007/6/4] 2007/6/8 2007/6/4{2007/6/22|100% | 100%
EFA Ul BER Bk
1.3.1.1.1.2[3% 5 days 2007/6/11| 2007/6/15|NA NA 100%) 0%
1.3.1.1.1.3{Class Diagram 1 day 2007/6/11| 2007/6/11{2007/6/14{2007/6/22{100% | 100%
1.3.1.1.1.4/DB(ERD) 1 day 2007/6/12| 2007/6/12(2007/6/14{2007/6/22|100% | 100%
REFTHAEEL %, Ei
1.3.1.1.2 | EHELEL2 L4 10 days | 2007/6/13| 2007/6/26|NA NA 82% | 36%
Use Case #2 x #i42 Ul # ]
1.3.1.1.2. 1|32 5 days 2007/6/13| 2007/6/19{2007/6/15|NA 100%| 80%
sz Ul o4 A Equmk
1.3.1.1.2.2|32 5 days 2007/6/20] 2007/6/26[NA NA 60% 0%
1.3.1.1.2.3/Class Diagram 0.5 days| 2007/6/20| 2007/6/20(NA NA 100%| 0%
1.3.1.1.2.4|DB(ERD) 0.5 days| 2007/6/20| 2007/6/20{NA NA 100%| 0%
RERALEENRNL A,
1.3.1.1.3 |BFRE(ASREBER) 10 days | 2007/6/21] 2007/7/4|NA NA 18% 0%
Use Case $t x4z Ul %
1.3.1.1.8.1[3% 5 days 2007/6/21| 2007/6/27|NA NA 40% 0%
Ehe Ul pig M B e
1.3.1.1.3.2[3& 5 days 2007/6/28 2007/7/4|NA NA 0%
1.3.1.1.3.3/Class Diagram 0.5 days| 2007/6/28| 2007/6/28INA NA 0%
1.3.1.1.3.4{DB(ERD) 0.5 days| 2007/6/28| 2007/6/28{NA NA 0%
1.3.1.1.4 |84 4% 10 days | 2007/6/29] 2007/7/12|NA NA 0%
1.3.1.1.5 |SRENRERE, HFTEE |10 days 2007/7/9} 2007/7/20[NA NA 0%
SGEREEETRL L 2F
1.3.1.1.6 ¥ 10 days | 2007/7/17| 2007/7/30NA NA 0%
REBIo(HEFHBHR
HELG), HEFH T
Rag2mikts, 20
1.3.1.1.7 MR, Bodm@gdR 446 ¥ |10 days | 2007/7/25] 2007/8/7|NA NA 0%
1.3.1.1.8 |REHE 7 days 2007/8/2{ 2007/8/10{NA NA 0%

47



53.5
1.3.1.2  |2% days - | 2007/6/4] 2007/8/16[NA NA 1% |
BIMLE, RNELEH )
1.3.1.2.1 |4, 44852 |10 days | 2007/6/4] 2007/6/15|NA NA 100%| 45%
Use Case £t x % #2 Ul s
1.3.1.2.1.1[3#% 5 days 2007/6/4| 2007/6/8| 2007/6/4|2007/6/22(100% | 100%
Eme Ul RER Eust |
1.3.1.2.1. 2|8 5 days | 2007/6/11| 2007/6/15/NA NA 100%] 0%
1.3.1.2.1.3|Class Diagram 0.5 days| 2007/6/11| 2007/6/11|NA NA 100%| 0%
1.3.1.2. 1. 4/DB(ERD) 0.5 days| 2007/6/11] 2007/6/11[NA NA 100%| 0%
HEER - BARL, #
1.3.1.2.2 |4 FREHR 10 days | 2007/6/12| 2007/6/25|2007/6/14|NA 36% | 36%
Use Case 1442 Ul =
1.3.1.2.2.1|3 5 days | 2007/6/12| 2007/6/18|2007/6/14|NA 80% | 80%
£z Ul sRfE M B sk
1.3.1.2.2.2|8% 5 days | 2007/6/19| 2007/6/25{NA NA 60% | 0%
1.3.1.2.2.3Class Diagram 0.5 days| 2007/6/19] 2007/6/19[NA NA 100%| 0%
1.3.1.2. 2. 4{DB(ERD) 0.5 days| 2007/6/19] 2007/6/19/NA NA 100%| 0%
BRELHE, ST
1.3.1.2.3 |- = 10 days | 2007/6/20 2007/7/3|NA NA' 27% | 0%
Use Case g1 x4z Ul s
1.3.1.2.3.1|3% 5 days | 2007/6/20| 2007/6/26[NA NA 60% | 0%
EmAe Ul R A Bk
1.3.1.2.3.2|% 5 days | 2007/6/27| 2007/7/3|NA NA 0%
1.3.1.2.3.3/Class Diagram 0.5 days| 2007/6/27| 2007/6/27|NA NA 0%
1.3.1.2. 3.4/ DBCERD) 0.5 days| 2007/6/27| 2007/6/27|NA NA 0%
1.3.1.2.4 |84 £BEE, #4742 |10 days | 2007/6/28] 2007/7711|NA NA 0%
RERY, 245468
1.3.1.2.5 |8, 4% 10 days | 2007/7/6| 2007/7/19|NA NA 0%
S4 RE/IBIT,LFH
1.3.1.2.6 |B, 884458 10 days | 2007/6/28| 2007/7/11|NA NA 0%
1.3.1.2.7 |T34&%% AEEW |10 days | 2007/7/6| 2007/7/19{NA NA 0%
1.3.1.2.8 |BUEHR, REHE 10 days | 2007/7/16] 2007/7/27NA NA 0%
RAKE, BN ER
1.3.1.2.9 |/atHFeE 10 days | 2007/7/16| 2007/7/27|NA NA 0%
RE/FH/WE, T
131210 [ EREER 10 days | 2007/7/24| 2007/8/7|NA NA 0%
BT T
LUV ELE S S X
1.3.1.2.11 |F% 10 days | 2007/7/24| 2007/8/7|NA NA 0%
ExM/ iR EE, M
1.3.1.2.12 |[58% 10 days | 2007/8/2| 2007/8/16|NA NA 0%
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3.2

1. Z£AR%E 64 days 2007/8/7| 2007/11/2[NA NA 0%
1.3.2.1 HEHEH 64 days | 2007/8/7} 2007/11/2[NA |NA 0%
1.3.2.2 2% 56 days | 2007/8/10|2007/10/29(NA |NA 0%
1.3.3 £XEE 81 days | 2007/9/3|2007/12/24|NA |NA 0%
1.3.4 AHBEHELTRE 10 days 2007/7/2| 2007/7/13|NA NA 0%
1.3.5 Ao ez 0 days | 2007/7/13| 2007/7/13|NA NA 0%
1.3.6 HEXBERLERE 40 days 2007/17/2) 2007/8/24|NA NA 0%
1.3.7 AR EERY 20 days | 2007/10/1(2007/10/26[NA NA 0%
1.3.8 LESE S 400 0 days {2007/10/26{2007/10/26[NA NA 0%
1.3.9 SRR AR E 21 days | 2007/12/3|2007/12/31{NA NA 0%
F =R 4B, T4
1.4 &) 217 days| 2008/1/1|2008/10/29(NA NA 0%
1.4.1 % 4um 65 days 2008/1/1] 2008/3/31|NA NA 0%
1.4.1.1 L% 65 days 2008/1/1| 2008/3/31|NA NA 0%
1.4.1.2 2% 4% 65 days 2008/1/1} 2008/3/31[NA NA 0%
1.4.1.3 2AHEHE 65 days 2008/1/1] 2008/3/31|NA NA 0%
1.4.2 At tEsy 22 days 2008/1/1| 2008/1/30|NA NA 0%
1.4.3 A rgsuE s 0 days | 2008/1/30| 2008/1/30|NA NA 0%
1.4.4 TATRHE - AHRE 22 days 2008/4/1| 2008/4/30|NA NA 0%
1.4.4.1 HHEER % 22 days 2008/4/1| 2008/4/30|NA NA 0%
1.4.4.2 2H 4% 22 days 2008/4/1) 2008/4/30{NA NA 0%
1.4.4.3 LAY ENRE 22 days 2008/4/1| 2008/4/30|NA NA 0%
1.4.5 LA EREERE 22 days 2008/4/17 2008/4/30(NA NA 0%
1.4.6 G REAREE M 0 days | 2008/4/30| 2008/4/30(NA NA 0%
1.4.7 ARG ER LR 110 days| 2008/5/1| 2008/10/1[NA NA 0%
1.4.8 L haBkrmEY 43 days | 2008/4/30| 2008/6/27|NA NA 0%
149 |&R%EHEFMEM 0 days | 2008/6/27] 2008/6/27|NA NA 0%
1.4.10 AHREEEFMIET |43 days | 2008/4/30 2008/6/27INA NA 0%
1.4.11 AR EXEFMIHA |0 days .| 2008/6/27| 2008/6/27|NA NA 0%
EREH TGRS EE
1.4.12 ®E 20 days 2008/8/4| 2008/8/29|NA NA 0%
EREHF R EE
1.4.13 XA+ 0 days | 2008/8/29| 2008/8/29|NA NA 0%
1.4.14 FopRmREE 11 days [2008/10/15{2008/10/29{NA NA 0%
R EBRWEBRERE
k(R =8, AR
1.5 #) 488 days| 2006/12/4(2008/10/15|NA NA 13% | 13%
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Environmental Science & Technology Online News
. hitp://pubs.acs.org/subscribe/ ournals/esthag-w/2007/fune/science/rc._dioxin.htmi

Science News -June 20, 2007
Unleashing a dioxin legacy

Decades-old sediments in the Houston Ship Channel are
likely responsible for high dioxin levels in aquatic organisms.

For decades, paper mills, municipal waste incinerators, and petrochemical industries lining the banks
of the Houston Ship Channel (HSC) have filled the waters with 2,3,7.8-tetrachlorodibenzo-p-dioxin
(TCDD) and its equivalents. The sediments lying underneath still bear that toxic legacy. A new study
published today on ES&Ts website (DOI: 10.1021/es062917p) suggests that soil erosion,
hurricanes, tides, shipping, and dredging may be churning up contaminants, transporting them to
different parts of the channel, and reintroducing them into the aquatic environment. The findings
may help reveal why mysteriously high dioxin levels are in fish and shellfish in the channel despite
tight regulations on emissions.

Kevin Yeager
The waters and sediments of the Houston Ship
Channel have been contaminated with dioxins for more
than a decade.

The HSC is a 52-mile-long, very narrow channel and is one of the busiest ports in the U.S. It
receives freshwater from the San Jacinto and Trinity rivers and connects to the Gulf of Mexico via
Galveston Bay. High concentrations of dioxins have been found in blue crab and catfish in the HSC
since Texas first started testing for the chemicals in the early 1990s. In other places in the state,
tissue levels of dioxins plummeted within 1-2 years of reductions in emissions, but in the HSC,
jevels have remained almost constant, even after a decade of tightened regulations on industries and
years of cleaning up. This suggests that “something different was happening [there]”, says Larry
Koenig, manager of the Texas Commission on Environmental Quality’s (TCEQ’s) HSC Total
Maximum Daily Load (TMDL) project, which is determining acceptable amounts of daily dioxin
input into the channel.

“We’re finding alarming amounts of it, and what we want to know is: is this dioxin derived from
continuing inputs, or is it legacy dioxin,” says Kevin Yeager of the University of Southemn
Mississippi’s department of marine sciences, who teamed up with Hanadi Rifai of the University of
Houston’s civil and environmental engineering department and other colleagues for the current
study.

Yeager and his team collected 55 sediment cores from the upper part of the channel. Most of the
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cores were so heavily mixed that they were unsuitable for analysis. Continued dredging, shipping,
and hurricanes have caused heavy mixing of the channel’s sediments and the dioxins in them. The
team settled on eight sediment cores that showed the least amount of mixing and analyzed them for
the rate of sedimentation and the rate of deposition of 17 of the most toxic dioxins and other airborne
pollutants. They also tested for dioxin content and changes in dioxin concentrations within each core.
They compared these findings with a background atmospheric dioxin deposition rate obtained from
one sediment core from a wetland farther northwest.

Although most of the sites had recently deposited dioxins, the observed rate of deposition could not
be explained by atmospheric processes alone. This led the researchers to conclude that either
“emissions are continuing in this system well above what the federal regulations” allow,” says
Yeager, “or dioxins that have been previously discharged and are stored elsewhere in the system are
being resuspended and reintroduced to the system.” But previous and ongoing studies suggest that
the latter is more likely, say Koenig and Rifai.

“Some industries do continue to produce and emit dioxin, although much reduced from pre-1990s,”
says Koenig. “At this time, we do not have any specific indication that a specific type of industry or
specific facility is currently emitting enough dioxin to exceed water quality standards.”

The traditional view on dioxins is that they get to organic matter in sediments and get buried over
time. But Yeager and colleagues’ study shows why things are different in the HSC: dioxins there do
not bind to the organic matter in the sediments as tightly as expected.

Taken together, these findings suggest that the HSC sediments are unable to safely store historic
dioxins and are reintroducing them to the aquatic environment, possibly because of natural events,
like storms, and human activities, like dredging. Yeager’s team is currently studying the impact of
dredging on dioxin distribution in the sediments. :

The results could have “significant implications” for similarly contaminated water bodies in other
states, says environmental engineer Lial Tischler, an industry representative in the HSC TMDL
project’s stakeholder group. If the effects of local sedimentary processes are not taken into account,
“you could indeed go down a very wrong pathway thinking you can control these kinds of
compounds to an acceptable level and the fish tissue will recover rapidly,” says Tischler. “In fact, it

may be a years-long process.” —RHITU CHATTERJEE

Copyright © 2007 American Chemical Society
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