
书书书

环境工程学报
第 ! 卷"第 # 期 !!"#$%&$''($')!*$'+"*,#("

$%#& 年 #

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

月

目""次

水 污 染 防 治

城市污水处理过程中溶解性有机物转化特性 金鹏康"石彦丽"任武昂!#"

!!!!!!!!!!!!!!!!!!!!

过硫酸盐缓释材料释放过程模型构建

陈方义"安"达"杨"昱"廉新颖"李定龙"姜永海"席北斗"张进保"吴"俊!'"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!

()*+,* 氧化-混凝沉淀协同处理腈纶聚合废水 魏"健"范冬琪"宋永会"田智勇"徐东耀"那明亮!#."

!!!!!!!

膜生物反应器工艺联合曝气系统的可行性研究及工程实践 祁"萌"文湘华"李波桃 "唐骋彪!#!"

!!!!!!!!!

铁负载阴离子交换树脂高效除磷研究 张"红"缪恒锋"阮文权"左剑恶"操家顺!$&"

!!!!!!!!!!!!!!

建筑垃圾对雨水径流中 /0 的吸附特性 王建龙"杨丽琼"黄涛"郭娉婷"魏子沫!1$"

!!!!!!!!!!!!!!!

藻类生物膜脱氮除磷动力学研究 郭莉娜"魏"群"周"军"孙红云"李晓伟"陈延飞!1!"

!!!!!!!!!!!!

改性活性炭对废水中铬离子的吸附 左卫元"仝海娟"史兵方!.&"

!!!!!!!!!!!!!!!!!!!!!!!

2345内不同有机负荷下 $ 种好氧颗粒污泥形成及除磷性能 郎龙麒"万俊锋"王"杰"程"盼"王"岩!&#"

!!!!!

污泥活性炭的制备及其对酸性红 6的吸附行为 王家宏"张"迪"尹小龙"刘少冲!&7"

!!!!!!!!!!!!!!

伏牛溪水污染治理效果的数值模拟研究 卿晓霞"张会波"周"健"刘增威!8&"

!!!!!!!!!!!!!!!!!

!

9射线辐照降解水中阿莫西林 谢水波"蔡"婷"罗志平"吴宇琦"刘迎九"凌"辉!'1"

!!!!!!!!!!!!!

低温结晶净化柠檬酸盐解吸贫液中硫酸根 洪"涛"许鹏飞"李林波"高建雄"孔海林"高"萌!'!"

!!!!!!!!

壳聚糖络合9陶瓷膜耦合技术处理低浓度含铜废水 张晨牧"刘景洋"孙晓明"徐同宽"白卫南!71"

!!!!!!!!!

:;对磷酸铵镁结晶介稳区#诱导期和反应速率的影响 刘"志"邱立平"王嘉斌"谢"康"王"东"孙成江!7!"

!!!

正渗透中驱动溶质反渗模型的建立与实验验证 吴"晴"田"禹!!&"

!!!!!!!!!!!!!!!!!!!!!!

水解酸化工艺处理印染废水的机理 宋梦琪"周春江"马鲁铭!#%$"

!!!!!!!!!!!!!!!!!!!!!!!

沸石对降雨径流中氨氮的吸附特性 古"励"潘龙辉"何"强"廖欣蕾!#%'"

!!!!!!!!!!!!!!!!!!!

玉米秸秆碳源释放特征及反硝化效果 李乐乐"张卫民"何江涛"马文洁"刘菲!##1"

!!!!!!!!!!!!!!!

水分散型阳离子聚丙烯酰胺絮凝剂的絮凝性能及其机理 刘"娟"武耀锋"张晓慷!##!"

!!!!!!!!!!!!!!

宜兴城市内河污染物时空分布及解析 郝"昊"王晓昌"张琼华"程"?!#$&"

!!!!!!!!!!!!!!!!!!

厌氧时聚9

"

9羟基丁酸酯!<;3"最大化积累的影响因子 易"丹"方"茜"张可方"李"典!#1#"

!!!!!!!!!!

滇池凤眼莲种养水域水体理化指标 $. 小时变化规律

张迎颖"张志勇"刘海琴"韩亚平"何"峰"王"智"王亚雷"严少华!#1'"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!

模拟含铀废液的除铀方法与效果 崔春龙"李"强"王晓丽"吴"涛"张"东"易发成"张"玲!#.&"

!!!!!!!!

光-电法氨氮降解过程中协同作用的研究 邱勇萍"张国庆"杨晓青"区文仕"钟美玲!#&%"

!!!!!!!!!!!!

法库沸石对氨氮的吸附特性和阳离子交互过程 李圣品"刘"菲"陈鸿汉"李梦姣!#&'"

!!!!!!!!!!!!!!

复合塔式生态滤池中氮素迁移转化 杨"沫"单"颖"方"晨"郑"正"杨晓英"罗兴章!#8."

!!!!!!!!!!!

重金属 /=!

#

"和 >?对旱伞草富集能力及其生理生化指标的影响 周"武"袁志辉"刘敏超!#'#"

!!!!!!!!!!

纳米复合脱氮剂-气动超声吹脱高浓度氨氮废水 冯俊生"许晓峰"赵丽华!#''"

!!!!!!!!!!!!!!!!!

影响旁路净化含油循环水达标时间的主要因素 姚晓红"徐"俊"刘玉东"魏无际"张"超"徐"伟!#71"

!!!!!!

生物活性炭法深度处理印染废水及其生物毒性的表征 范晓丹"李皓璇"姬海燕"张襄楷"徐廷献!#77"

!!!!!!!

焦化废水预处理系统中高效好氧污泥的培养驯化 周丽烨"韩"颖"张怀玉"胡"臻"侍"亮"张"焦!#!&"

!!!!!

好氧硝化颗粒污泥的培养及其性能 宋志伟"宁婷婷"王秋旭!$%%"

!!!!!!!!!!!!!!!!!!!!!!!

曝气频率对生物反应器渗滤液与填埋气的影响 田"颖"王"糰"徐期勇!$%'"

!!!!!!!!!!!!!!!!!!

负载型颗粒活性炭催化过硫酸钠氧化降解橙黄 6 王晨曦"万金泉"马邕文"王"艳!$#1"

!!!!!!!!!!!!

垃圾焚烧发电厂渗滤液生化出水的催化臭氧氧化处理 晏云鹏"全学军"程治良"徐"飞"邱发成!$#!"

!!!!!!!

应用 4-@A3359A35对 <B合成革生化出水中硝酸盐氮的去除效果

王"庆"丁原红"任洪强"曾"超"刘敏敏"许"鹏"钱"佳"方福强!$$&"

!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!

CDE纳滤膜对磺胺二甲基嘧啶截留性能 肖谷清"周贤勇"文瑞明"尹志芳!$1%"

!!!!!!!!!!!!!!!!!

基于臭氧紫外协同在线检测水体 /@F的研究 张"龙"薛佩姣"杨慧中!$1&"

!!!!!!!!!!!!!!!!!!!

不同制备条件对 G?@

$

薄膜形貌结构#晶体结构及光电催化性能的影响

母康生"李金星"钟建丹"沈"飞"杨"刚"邓仕槐"张小洪"张延宗!$.%"

!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!

一株施氏假单胞菌 !"#$%&'&()""*$*+#,-F>9CHI#! 的脱氮性能 周晓黎"孙迎雪"沈丹丹"杨"哲"田"媛!$.'"

!!!

污泥干化冷凝水水质特征分析 李安峰"骆坚平"黄"丹"马健驹"汤冀强!$&1"

!!!!!!!!!!!!!!!!!

1 种基质对污水中总磷的吸附性能 武轩韵"栾亚宁"龚小强"李文玉"姜美玲"付"颖"孙向阳!$&'"

!!!!!!!

采气废水中有机物去除方法 张"锋"陈小红"张继红"卞卫国"莫宏玉"张迎华"王建刚!$8."

!!!!!!!!!!



环境工程学报
第 ! 卷"第 # 期 !!"#$%&$''($')!*$'+"*,#("

$%#& 年 #

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

月

大 气 污 染 防 治

原煤暗道通风除尘特征参数的数值模拟及优化 陈"曦"葛少成"张忠温"葛"斐"荆德吉!$8!"

!!!!!!!!!!

几种室内植物去除低分子羰基化合物 蔡"竟"李"剑"支国瑞"颜流水"李"平"付军力"李羚娜!$'&"

!!!!!!

电弧放电产生 >@

.

及其对亚硫酸铵的氧化 王飞飞"李树然"闫克平!$7#"

!!!!!!!!!!!!!!!!!!!

扩散荷电作用下线板式 J2<中 <A

$K&

捕集效率的数值模拟 张建平"邬炯磊"潘卫国"任建兴"徐达成!$77"

!!!!!

高效钙钛矿型 ;

$

92/5催化剂的制备与研究 沈玉然"乔"凯"曹礼梅"杨"骥!$!&"

!!!!!!!!!!!!!!!

小型环境实验舱用于评价空气净化材料净化效果 王欣欣"杨"华"亓学奎"刘艳菊!1%#"

!!!!!!!!!!!!!!

1%% AH燃煤机组烟气控制装置对气态汞去除效果

井"鹏"王"凡"朱金伟"曹"晴"王相风"李映日"谭玉铃"邓"双"张"凡!1%'"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!

双燃料发动机瞬态工况 ;/排放特征 邱"飞"张朝能"黄顶强"杜文静"王梦华"胡振丹!1#$"

!!!!!!!!!!

喷淋塔传质特性的实验与模型研究 祝"杰"吴振元"叶世超"白"洁"杨云峰!1#'"

!!!!!!!!!!!!!!!

常州市春季大气 <A

$K&

中金属元素的分析及污染特征 王"强"戴玄吏"巢文军"尚通明!1$1"

!!!!!!!!!!!

京津冀地区环境空气 <A

$K&

自动监测现场比对研究 滕"曼"姚雅伟"付"强!11#"

!!!!!!!!!!!!!!!!

固 体 废 物 处 置

污泥预处理强化厌氧水解与产甲烷实验研究 郝晓地"刘"斌"曹兴坤"胡沅胜!11&"

!!!!!!!!!!!!!!!

嗜油菌 >L1 对蜡质油污泥无害化处理 侯宝卫"聂麦茜"聂红云"王小豆"郭育涛"蒋"欣!1.#"

!!!!!!!!!

生活垃圾催化热解液体产物特性

贾晋炜"刘"璐"杨凤生"惠贺龙"付兴民"韦云钊"李俊卫"付晓恒"舒新前!1.7"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!

固相餐厨垃圾厌氧发酵特性 余益辉"黄振兴"高树梅"赵明星"缪恒锋"任洪艳"阮文权!1&&"

!!!!!!!!!!

厨余发酵液与乙酸钠#葡萄糖脱氮性能的比较 程"?"王晓昌"张永梅"李玉友"乔"宁!18$"

!!!!!!!!!!

不同方法处理飞灰对亚甲基蓝的吸附性能 黎"强"周少奇"李夫振"杨"胤!18'"

!!!!!!!!!!!!!!!!

基质施入污泥对马尼拉草和波斯菊生长的影响 王淑影"林逢凯"王寒可"杨"涛" 陈秀荣"杨"磊"余洪侠!1'."

!

复合改性膨润土固定尾矿中 M* 的研究 谈"宇"付"旺"廖妤婕"应成璋"韦月越"龙海洋"王维生!17#"

!!!!!

猪粪干发酵物料流动性指标研究 刘刚金"邓良伟"王智勇"陈子爱"刘"刈"蒲小东"宋"立 !17'"

!!!!!!!

成都市区#城郊和农村生活垃圾重金属污染特性及来源

银燕春"王莉淋"肖"鸿"李远伟"彭"宏"漆"辉"邓仕槐!1!$"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!

城市生活垃圾机械生物处理效果 屈"阳"张进锋"朱卫兵"潘天高"王庆国"金慧宁!.%#"

!!!!!!!!!!!!

竹叶与餐厨垃圾厌氧共消化工艺 卢艳阳"张又弛"唐晓达"罗文邃!.%'"

!!!!!!!!!!!!!!!!!!!!

微波辐射对生物质热解过程的影响 李柄缘"雍开祥"董优雅"韩晓佳"朱"红!.#1"

!!!!!!!!!!!!!!!

控制酸性矿山废水的污泥屏障压缩特性 孙"逊"张虎元"杨"博"张学超"王彦蓉!.#!"

!!!!!!!!!!!!!

污泥与餐厨垃圾联合厌氧发酵产氢余物产甲烷过程底物指标变化 郑育毅"林"鸿"罗鸿信"余育方"刘常青!.$&"

!!

剩余污泥热水解厌氧消化中试研究 稂时光"张"健"王双飞"郑"欢"何奕明"周永信!.1#"

!!!!!!!!!!!

. 段式平板膜处理污泥的中试研究 朱学峰"周明远"王志伟"苑文仪"关"杰!.18"

!!!!!!!!!!!!!!!

阳离子聚丙烯酸酯对污泥脱水性能的影响 王寒可"林逢凯"王淑影"杨"磊"陈秀荣"吴"斌!..#"

!!!!!!!!

焚烧发电厂垃圾渗滤液与秸秆的中温厌氧消化 耿晓丽"张文阳"赖夏颉"蒋琼华!..7"

!!!!!!!!!!!!!!

卧螺离心机在城市湖泊污泥脱水中的应用 江"君"徐高宗!.&1"

!!!!!!!!!!!!!!!!!!!!!!!!

基于人工神经网络的半连续式混合厌氧消化产气量预测 赖夏颉"张文阳"张良均"陈俊德!.&!"

!!!!!!!!!!

工 程 实 例

上西关涌流域调蓄工程控制溢流污染研究 李"捷"隋"军"冯云刚!.8."

!!!!!!!!!!!!!!!!!!!!

土 壤 污 染 防 治

氯化铁和硫酸铁对酸性土壤中有效态镉和铅污染的修复作用 卢"明"屠乃美"胡华勇!.8!"

!!!!!!!!!!!!

监 测 与 评 价

铅锌冶炼厂周边重金属的空间分布及生态风险评价

刘"勇"王成军"刘"华"马红周"张琼华"冯"涛"孙大林!.''"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!

酵母提取物对大型蚤急性毒性实验的影响 许"静"王晓昌"马晓妍!.7&"

!!!!!!!!!!!!!!!!!!!!

环 境 生 物 技 术

盐分对一株硫氧化细菌氧化能力的影响 顾"运"杨"宏"吴"宣"尚海源!.!#"

!!!!!!!!!!!!!!!!!

生 态 工 程

基于客土灌木化技术的弃渣场生态治理 张家铭"解艺丽"左鸿鹏"李焕焕!.!&"

!!!!!!!!!!!!!!



D,NO!">,K#

)-./010%234/5627*/8.42/90/:56*/;./004./;

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

EP*0P=Q$%#&

)($<*$<=

<45/172495:.2/>-545>:04.1:.>127?.112680?24;5/.>95::04./@42>01127A51:0A5:04:405:90/: E?* <)*RSP*R"2T?LP*N?"5)* H0P*R!#"

!!!

B2?0601:5C6.1-90/:7241.9365:./; 4060510@42>01127162AD4060510?@0413675:095:04.56

/T)* (P*RQ?"4* FP"LP*RL0"C?P* I?*Q?*R"C?F?*RN,*RE?P*RL,*RTP?"I?3)?U,0"MTP*RE?*VP,!'"

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!

<405:90/:275>4E6.>7.C04@26E904.F5:.2/A51:0A5:04CEG0/:2/2H.?5:.2/>22@045:0?A.:->25;365:.2/

H)?E?P*"(P* F,*RW?"2,*RL,*RT0?"G?P* MT?Q,*R"I0 F,*RQP,">PA?*RN?P*R!#."

!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

G051.C.6.:E 1:3?E 5/?0/;./004./; @45>:.>027>29C./0?5045:.2/1E1:09 ./B,I@42>011

X?A)*R"H)* I?P*RT0P"C?3,+P,"GP*R/T)*RV?P,!#!"

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!.;-D077.>.0/:5?124@:.2/27@-21@-5:0CE .42/.2/625?0?5/.2/0H>-5/;0401./

MTP*R;,*R"A?P,;)*RY)*R"50P* H)*W0P*"M0,E?P*)"/P,E?PZT0*!$&"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#?124@:.2/>-545>:04.1:.>127>2/1:43>:.2/A51:01:2 )37429 34C5/1:249A5:0443/277

HP*RE?P*N,*R"LP*RC?W?,*R";0P*RGP,"60,<?*R+?*R"H)?M?[,!1$"

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

,.2J./0:.>1:3?E 2//.:42;0/5/?@-21@-24314092856CE 56;56C.27.691

60,C?*P"H)?X0*"MT,0 E0*"20* ;,*RQ0*"C?I?P,\)?"/T)* LP*Y)?!1!"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)4!

!

" 5?124@:.2/7429 5K302311263:.2/131./; 5>:.85:0?>54C2/92?.7.0?A.:-G0 M0,H)?Q0P*"G,*R;P?]0P*"2T?3?*RYP*R!.&"

!!!!!!

G2495:.2/27:A2 :E@.>565042C.>;45/3601>36:.85:0?./2/01./;60=,#I5/?@-21@-24314092856@0472495/>015:?.77040/:

L24;5/.>625?./; 45:01 CP*RC,*RW?"HP* E0*Y)*R"HP*RE?)"/T)*R<P*"HP*RLP*!&#"

!!!!!!!!!!!!!!!!!!!!!!!!!!

M40@545:.2/275>:.85:0?>54C2/7429 5>:.85:0?163?;05/?.:15?124@:.2/C0-58.247245>.?1>5460:'

HP*RE?PT,*R"MTP*RF?"L?* I?P,N,*R"C?0 2TP,̂T,*R!&7"

!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

$3904.>561.9365:.2/401054>-27A5:04@2663:.2/>2/:4260770>:27G3/.3I.804 X?*RI?P,_?P"MTP*R;0?V,"MT,0 E?P*"C?0 M)*R\)?!8&"

!!!!

#92H.>.66./?0;45?5:.2/./5K302311263:.2/CE ;5995D45E .445?.5:.2/

I?)2T0?V,"/P?G?*R"C0,MT?:?*R"H0 L0W?"C?0 L?*R]?0"C?*R;0?!'1"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

I0928562713675:0.2/./>.:45:0?0124@:.2/605/1263:.2/ ;,*RGP,"I0 <)*RY)?"C?C?*V,"6P,E?P*_?,*R" ,̀*R;P?N?*"6P,A)*R!'!"

!!!!!!

<405:90/:27A51:0A5:04>2/:5././; 62A>2/>0/:45:.2/27)3.2/31./; >29@60H5:.2/D>0459.>909C45/0A.:->-.:215/

MTP*R/T)*[0"C?0 E?*RQP*R"20* I?P,[?*R"I0 G,*RS0P*"3P?H)?*P*!71"

!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

&/7630/>027@!2/>4E1:566.F5:.2/90:51:5C60F2/0$./?3>:.2/@04.2?5/?>4E1:566.F5:.2/45:02795;/01.39 5992/.39 @-21@-5:0

C?0 MT?"X?0 C?:?*R"HP*RE?PV?*"I?) P̀*R"HP*RF,*R"20* /T)*R]?P*R!7!"

!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B2?06./; 7244080410@04905:.2/@42>011./724A5?21921.15/?.:1CE 0H@04.90/:56804:.7.>5:.2/ H0 X?*R"G?P* L0!!&"

!!!!!!!!!

B0>-5/.19 27@4./:./; 5/??E0./; A51:0A5:04:405:90/:CE -E?426E1.15/?5>.?.7.>5:.2/@42>011

2,*RA)*RW?"MT,0 /T0*]?P*R"APC0[?*R!#%$"

!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#?124@:.2/>-545>:04.1:.>127F026.:017245992/.5D/.:42;0/./45./756643/277 60 C?"<P* C,*RT0?";)X?P*R"C?P,I?*N)?!#%'"

!!!!!!!!

)-545>:04.1:.>127)(N4060510./>24/1:45A5/?.:1?0/.:4.7.>5:.2/0770>: C?C)N)"MTP*RH)?[?*";)E?P*R+P,"APH)*]?)"C?0 ()?!##1"

!!!

G62>>365:.2/>5@5C.6.:E 275K30231?.1@041.2/@26E5>4E659.?0762>>365/:5/?.:190>-5/.19 C?0 E0P*"H0 LP,Y)*R"MTP*RI?P,SP*R!##!"

!!!

=@5:.2:09@2456?.1:4.C3:.2/5/?5/56E1.1724@2663:5/:1././65/?4.804127O.H./;$)-./5

;P,;P,"HP*RI?P,̂TP*R"MTP*RX?,*RT0P"/T)*RMT)!#$&"

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

&/7630/>./; 75>:2412795H.9.F./; 5>>39365:.2/27@26ED

"

D-E?42HEC3:E45:03/?045/5042C.>>2/?.:.2/

L?FP*"(P*RX?P*"MTP*R )̀YP*R"C?F?P*!#1#"

!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

PQ -234>-5/;01436027@-E1.>565/?>-09.>56./?0H01./A5:045405 27R5J0N.5/>-.A.:-A5:04-E5>./:-!!"#$$%&'"( #&())"*+)"

L>36:.85:0? MTP*RL?*RQ?*R"MTP*RMT?Q,*R"C?0 ;P?W?*";P* LP:?*R";)()*R"HP*RMT?"HP*RLPN)?"LP* 2TP,T0P!#1'"

!!!!!!!!!!!!!

<0>-/.K305/?0770>:2740928./; 345/.39 7429 1.9365/:345/.39DC054./; A51:0A5:04

/0?/T0*N,*R"C?X?P*R"HP*RI?P,N?"H0 GP,"MTP*RF,*R"L?(P̂T)*R"MTP*RC?*R!#.&"

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!

=:3?E 2/1E/04;.1:.>0770>:27@-2:2D060>:4.>5690:-2?724?0;45?5:.2/275992/.5 /.:42;0/

X?0 L,*R:?*R"MTP*R60,W?*R"LP*RI?P,W?*R"@0 H)*ZT?"MT,*RA)?N?*R!#&%"

!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#?124@:.2/>-545>:041275992/.39 CE G5J3F026.:05/?>5:.2/0H>-5/;01./5992/.39 4092856@42>011

C?2T)*R:?*"C?0 ()?"/T)* ;,*RTP*"C?A)*R]?P,!#&'"

!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

$.:42;0/:45/172495:.2/./>29@23/?:2A040>262;.>567.6:04 LP*RA,"2TP* L?*"(P*R/T)*"MT)*RMT)*R"LP*RI?P,Q?*R"C0,I?*RaTP*R!#8."

!

*770>:27)4!

!

" 5/?$.2/0/4.>-90/:5C.6.:.015/?@-E1.262;.>565/?C.2>-09.>56>-545>:04.1:.>127,-*+&.)(/0+&'"1%/".)

MT,0 H0"L0P* MT?T0?"C?0 A?* T̂P,!#'#"

!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

I09285627-.;->2/>0/:45:.2/5992/.5 CE /5/2D?0/.:4.7.>5:.2/5;0/:5/?36:45123/?1:4.@@./;

()*RE0*ZT)*R"I0 I?P,Y)*R"MTP,C?T0P!#''"

!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B5././7630/>./; 75>:24127CE@511@34.7.>5:.2/:.9027>.4>365:./; >226./; A5:041E1:09

LP,I?P,T,*R"I0 E0*"C?0 L0U,*R"H)?H0]?"MTP*R/TP,"I0 H)?!#71"

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#?85/>0?:405:90/:27?E0A51:0A5:04CE C.262;.>565>:.85:0?>54C2/5/?C.262;.>56:2H.>.:E >-545>:04.F5:.2/

(P* I?P,UP*"C?;P,_0P*"E?;P?QP*"MTP*RI?P*RSP?"I0 G?*R_?P*!#77"

!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)36:.85:.2/275>:.85:0?5042C.>163?;0./>2J./; A51:0A5:04@40:405:90/:1E1:09

MT,0 C?Q)";P*L?*R"MTP*R;0P?Q0";0 MT)*"2T?C?P*R"MTP*RE?P,!#!&"

!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)36:.85:.2/5/?>-545>:04.1:.>1275042C.>/.:4.7E./; ;45/3601 2,*RMT?\)?">?*RG?*R+?*R"HP*RX?0_0!$%%"

!!!!!!!!!!!!!!!!!

*770>:1275045:.2/740K30/>E 2/605>-5:05/?65/?7.66;51./C.2405>:2465/?7.66 G?P* L?*R"HP*R2T)*"I0 X?Q,*R!$%'"

!!!!!!!!!!!

N0;45?5:.2/27245/;0'>5:56EF0?CE G0S'#)./:-0@4010/>027@0413675:0 HP*R/T)*_?"HP* E?*W0P*"APL,*R\)*"HP*RLP*!$#1"

!!!!

)5:56E:.>2F2/5:.2/27C.262;.>566E :405:0?605>-5:07429 93/.>.@56126.?A51:0./>./045:.2/@2A04@65/:

LP* L0*:)*R"X0P* I0)]0*"/T)*RMT?N?P*R"I0 ()?"X?0 (P̂T)*R!$#!"

!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

$.:42;0/409285627M"A51:0A5:04077630/::405:0?CE #S(DB,,IDB,I@42>011

HP*RX?*R"F?*RL0P*T,*R"5)* ;,*RW?P*R"M)*R/TP,C?0 A?*[?*"I0 <)*R"X?P* E?P"(P*R(0W?P*R!$$&"

!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!

I0T0>:.2/@0472495/>0271367590:-5F./0CE RU% /5/27.6:45:.2/909C45/0 I?P,60W?*R"MT,0 I?P*Q,*R"H)* 50?[?*"L?* MT?YP*R!$1%"

!!!!

=:3?E 272/D6./0?0:0>:.2/27)(NC510?2/2F2/0S"U MTP*RC,*R"I0)<)?]?P,"LP*R;0?aT,*R!$1&"

!!!!!!!!!!!!!!!!!!!!

&/7630/>027?.77040/:@54590:0412/924@-262;E 5/?>4E1:566./01:43>:34027<.(

P

/5/27.6915/?.:1@-2:2>5:56E:.>5>:.8.:E

A0 P̀*RZT)*R"C?E?*_?*R"MT,*RE?P*UP*"2T)* ()?"LP*R6P*R"F)*R2T?T0P?"MTP*RI?P,T,*R"MTP*RLP*a,*R!$.%"

!!!!!!

!!!!!!!!!!!!



D,NO!">,K#

)-./010%234/5627*/8.42/90/:56*/;./004./;

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

EP*0P=Q$%#&

N0/.:4.7.>5:.2/@0472495/>0272)+.3%4%'())0.05+&"N$DRV+WX MT,0 I?P,N?"20* L?*R_0)"2T)* FP*UP*"LP*RMT)"G?P* L0P*!$.'"

!!!!!

V5:04K356.:E >-545>:04.1:.>127>2/?0/15:07429 163?;0?4E./; @42>011 C?4*Y)*R"C0,E?P*:?*R";0P*RFP*"APE?P*]0"GP*RE?W?P*R!$&1"

!!!

M0472495/>0127:-40013C1:45:01./5?124C./; :2:56@-21@-2431./@2663:0?A5:04

H0 I0P*Q0*"C0P* LP*?*R"6,*RI?P,W?P*R"C?H)*Q0"E?P*RA)?N?*R"(0 L?*R"20* I?P*RQP*R!$&'"

!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!

B0:-2?12724;5/.>>2/:59./5/:14092856.//5:3456;51D@42?3>0?A51:0A5:04

MTP*R()*R"/T)* I?P,T,*R"MTP*RE?T,*R"3?P* H)?R0,"A,;,*RQ0"MTP*RL?*RT0P"HP*RE?P*RP*R!$8."

!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!

$3904.>561.9365:.2/5/?2@:.9.F5:.2/401054>-27>-545>:04.1:.>@54590:0412780/:.65:.2/5/??31:>2/:426./5 45AD>256@21:04/

/T)* I?"6)2TP,̂T)*R"MTP*RMT,*R\)*"6)()?"E?*RF)]?!$8!"

!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

I0928562762ADA0.;-:>54C2/E6>29@23/?1CE 1080456-2310@65/:1

/P?E?*R"C?E?P*"MT?60,=0?"LP* C?0ZT0?"C?<?*R"(0 E0*N?"C?C?*R*P!$'&"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

M42?3>:.2/27$(

6

CE 54>?.1>-54;05/?.:12H.?5:.2/2/>2/>0/:45:0?5992/.39 1367.:0 HP*R()?Y)?"C?2T0=P*"LP* )̀:?*R!$7#"

!!!!!

$3904.>561.9365:.2/27MB

PYZ

>2660>:.2/077.>.0/>E ./A.40D@65:0*=M3/?04?.7731.2/>-54;./;

MTP*RE?P*:?*R"H0 E?,*RN)?"<P* H)?R0,"5)* E?P*_?*R"I0 FP̂T)*R!$77"

!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

M40@54:.2/5/?1:3?E 27077.>.0/:@04821J.:0>5:56E1:27!

P

D=)I 2T)* L0=P*"X?P,SP?"/P,C?[)?"LP*RE?!$!&"

!!!!!!!!!!!!!!!

#195660/8.42/90/:56:01:>-59C04724085635:./; 0770>:275.4@34.7E./; 95:04.561 HP*RI?*_?*"LP*R;0P"X?I0)S0?"C?0 LP*]0!1%#"

!!!

I09285627;510231904>34E 724@2663:.2/>2/:4261E1:09127:A2 10:127[\\ BV >256D7.40?3/.:1

E?*R<)*R"HP*R(P*"MT0 E?*\)?"/P,X?*R"HP*RI?P*RY)*RC?L?*R=?"GP* L0N?*R"F)*R2T0P*R"MTP*R(P*!1%'"

!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!

)-545>:04.1:.>127!)09.11.2/7429 ?356D73060/;./03/?04:45/1.0/:2@045:./; >2/?.:.2/1

X?0 ()?"MTP*R/TP,*)*R";0P*RF?*RW?P*R"F0 H)*]?*R"HP*RA)*RT0P";0 MT)*UP*!1#$"

!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!

*H@04.90/:561:3?E 5/?92?06./; 7249511D:45/1704>-545>:04.1:.>1./1@45E :2A04

MT0 E?)"H0 MT)*Q0P*"L)2T?̂TP,"3P?E?)"LP*RL0*Y)*R!1#'"

!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#/56E1.15/?@2663:.2/>-545>:04.1:.>12790:5606090/:1./MB

PYZ

./)-5/;F-23?34./; 1@4./;

HP*RX?P*R"FP?I0P*N?"/TP,\)*]0*"2TP*RG,*R[?*R!1$1"

!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)2/:451:51101190/:27MB

PYZ

53:295:.>92/.:24./; ./%./;T./T.#405 G)*RAP*"LP,LP\)?"(0 X?P*R!11#"

!!!!!!!!!!!!!!!!

*H@04.90/:561:3?E 2/0/-5/>./; 5/5042C.>-E?426E1.15/?90:-5/0@42?3>:.2/CE 163?;0@40:405:90/:

;P,I?P,U?"C?0 3?*"/P,I?*RS0*";0 L0P*ZT)*R!11&"

!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!5496011:405:90/:27A5HE 2.6163?;0CE 2)+.3%4%'()(+&.7"'%)( $O[

;,0 3P,\)?">?)AP?W?P*">?);,*RQ0*"HP*RI?P,U,0"60,L0+P,"E?P*RI?*!1.#"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)-545>:04.1:.>127@E426E1.16.K3.?7429 93/.>.@56126.?A51:0

E?PE?*\)?"C?0 C0"LP*R()*RZT)*R";0?;)N,*R"(0 I?*R[?*H)?L0*aTP,"C?E0*\)?"(0 I?P,T)*R"2T0 I?*W?P*!1.7"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!

)-545>:04.1:.>1275/5042C.>?.;01:.2/A.:-126.?J.:>-0/A51:0

L0 L?T0?";0P*RMT)*_?*R"6P,2T0[)?"A?P,;)*RY)*R"MTP,A?*R_?*R"5)* ;,*RQP*"50P* H)*W0P*!1&&"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!

)29@54.12/C0:A00/70490/:5:.2/6.K3.?27722?DA51:05/?12?.39 5>0:5:0$;63>2102/?0/.:4.7.>5:.2/@2:0/:.56

/T)*RMT)"HP*RI?P,̂TP*R"MTP*RL,*R[)?"C?L0Q,0"X?P,>?*R!18$"

!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#?124@:.80@42@04:.012793/.>.@56126.?A51:0./>./045:2476E 51-57:04?.77040/::405:90/:1:2 90:-E60/0C630

C?X?P*R"MT,0 2TP,W?"C?(0aT)*"LP*RL?*!18'"

!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

&/7630/>02712.6A.:-5??.:.2/2793/.>.@56163?;02/;42A:-278%-)"( 4(0&(//( 5/?,%)4%)9"*"''(0.)

HP*R2T0Q?*R"C?* ()*RSP?"HP*R;P*S)"LP*RGP,"/T)* I?0=,*R"LP*RC)?"L0 ;,*R_?P!1'."

!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!

=:3?.012/.992C.6.F5:.2/27F./>./:5.6./;1CE >29@21.:092?.7.0?C0/:2/.:0

GP* L0"(0 HP*R"C?P,L0]?)"L?*R/T)*RaTP*R"H)?L0)Q0)"C,*R;P?QP*R"HP*RH)?ZT)*R!17#"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!

=:3?E 2/6.K3.?.:E ./?0H 27?4E 70490/:5:.2/271A./095/340

C?0 6P*R]?*"F)*RC?P*R\)?"HP*RMT?Q,*R"/T)* M?P?"C?0 L?"<0 I?P,U,*R"2,*RC?!17'"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!

)-545>:04.1:.>15/?1234>0127-058E 90:56@2663:.2/./34C5/$ 13C34C5/5/?43456?2901:.>A51:027)-0/;?3$ )-./5

L?* LP* T̂0*"HP*RC?N?*"I?P,;,*R"C?L0P*\)?"<)*R;,*R"X?;0?"F)*R2T?T0P?!1!$"

!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!

B0>-5/.>56C.262;.>56:405:90/:0770>:27B=V X0 LP*R"MTP*RE?*Y)*R"MT0 H)?V?*R"<P* G?P*RP,"HP*RX?*RR0,"E?* ;0?*?*R!.%#"

!!!!!!

#/5042C.>>2D?.;01:.2/27C59C22 605805/?722?A51:0 C0 LP*QP*R"MTP*RL,0 T̂?"GP*RI?P,UP"C0,H)*Z0?!.%'"

!!!!!!!!!!!!!!

*770>:1279.>42A580.445?.5:.2/2/@E426E1.1@42>0110127C.29511 C?3?*RQ0P*"L,*R P̀?_?P*R"F,*RL,0QP";P* I?P,]?P"MT0 ;,*R!.#1"

!!!

)29@4011.2/C0-58.2412710A5;0163?;0C544.04724>2/:4266./; 5>.?9./0?45./5;0

20* I0*"MTP*R;0Q0P*"LP*R3,"MTP*RI0)̂TP,"HP*RLP*=,*R!.#!"

!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

)-5/;012713C1:45:0./?.>01?34./; 90:-5/2;0/01.17429 401.?302770490/:5:.80-E?42;0/@42?3>:.2/31./; >29C./0?163?;0

L5/?722?A51:0 MT)*RL0Q?"C?* ;,*R"C0,;,*R_?*"L0 L0YP*R"C?0 /TP*RW?*R!.$&"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!

M.62:D1>5601:3?E 2/:-04956-E?426E1.15/?5/5042C.>?.;01:.2/270H>011163?;0

CP*R2T?R0P*R"MTP*RE?P*"HP*R2T0P*RY)?"MT)*R;0P*";)L?[?*R"MT,0 L,*R_?*!.1#"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!

M.62:1:3?E 2/7234D1:5;0:-.>J0/./; 27163?;031./; 765:D1-00:909C45/0

MT0 I0)Y)*R"MT,0 A?*RQ0P*"HP*RMT?\)?"L0P* H)*Q?"60P* E?)!.18"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

*770>:27>5:.2/.>@26E5>4E65:02/163?;0?0A5:04./; @0472495/>0

HP*R;P*S)"C?* ()*RSP?"HP*R2T0Q?*R"LP*RC)?"/T)* I?0=,*R"H0 3?*!..#"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#/5042C.>>2D?.;01:.2/27;54C5;0605>-5:07429 93/.>.@56126.?A51:0./>./045:245/?1:45A5:90?.39 :09@045:340

6)*RI?P,N?"MTP*RH)*QP*R"CP?I?P]?)"E?P*RX?,*RT0P!..7"

!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

#@@6.>5:.2/27?0>5/:04>0/:4.73;012/163?;0?0A5:04./; ./34C5/65J01 E?P*RE0*"I0 6P,a,*R!.&1"

!!!!!!!!!!!!!!!!!!!

M40?.>:.2/27;51@42?3>:.2/27109.D>2/:./32315/5042C.>>2D?.;01:.2/C510?2/54:.7.>.56/03456/0:A24J

CP?I?P]?)"MTP*RH)*QP*R"MTP*RC?P*R]0*"/T)* E0*U)!.&!"

!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

=:3?E 2/@2663:.2/>2/:426272804762A7429 ?0:0/:.2/:5/J27=-5/;H.;35/>400J C?E?)"20?E0*"()*RL0*RP*R!.8."

!!!!!!!!!!!

I090?.5:.2/27585.65C60)?5/?MC>2/:59./5:.2/./5>.?.>12.6CE 7044.>>-624.?05/?7044.>13675:0

C0 A?*R"G0 >P?[)?";0 ;0PQ,*R!.8!"

!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

=@5:.56?.1:4.C3:.2/5/?0>262;.>564.1J51101190/:27-058E 90:561./12.65423/?5 605?5/?F./>1906:04

C?0 L,*R"HP*R/T)*R]0*"C?0 ;0P"AP;,*RaT,0"MTP*RX?,*RT0P"()*RGP,"20* FPN?*!.''"

!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!

&9@5>:27E051:0H:45>:2/5>3:0:2H.>.:E :01:31./; :(*$'"( 4(7'( I0 E?*R"HP*RI?P,̂TP*R"API?P,QP*!.7&"

!!!!!!!!!!!!!!!

*770>:27156./.:E 2/5 136734D2H.?.F./; C5>:04.5 2H.?5:.2/5C.6.:E 60 L0*"LP*R;,*R"H0 I0P*"2TP*R;P?Q0P*!.!#"

!!!!!!!!!!!!

*>262;.>56401:245:.2/27?.1>54?0?12.67.06?C510?2/7240.;/12.6@65/:./; :0>-/262;E

MTP*RE?P[?*R"I?)L?N?"M0,;,*R:)*R"C?;0P*T0P*!.!&"

!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!


